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and at a sufficient distance from the outer edge B to prevent the pressure in this point from 
exceeding the limit R'. 

In the case, on the contrary, in which the wall, being of the arched form, transmits the thmst 
F laterally, this force is destroyed by the reaction of the earth, and thus does not combine with 
the weight P. 

It seems from this that, in certain cases, the thickness at the base may be reduced ; but to 
treat the question thoroughly, we must find the thickness to be given to a barrage, so that the 
masonry which transmits the thrust laterally shall not bear in any point a pressure greater than 
the limit B'. 

Suppose A' E B', A" G B", Fig. 2274, to represent a horizontal section at a distance H below 
the top, and the lines VY, V V, the section of the sides of the valley through the same horizontal 
plane. The thrust F of the water in each 
point E' of the inner face A' E B' of the 
wall is normal to this curve. The de- 
termination of the thickness G E to be 
given to the wall offers a close analogy 
to the ordinary problem concerning the 
stability of arohes ; only the pressures 
upon each voussoir, instead of being ^ 
parallel with each other and equal to ^ 
the weight of this voussoir, are all nor- \ ^ 
malto the outer curve A' EB', and equal v 
to each other, if we suppose the arch 
divided into equal voussoirs. 

These conditions render the problem 
easier of solution than for the case of an 
ordinary arch, and enable us to find an 
equation which gives at once the depth 
at the crown. 

Admitting that the curve A' E B' is 
an arc of a circle having its centre at 
O, suppose the thickness GE at the 
crown aetermined by the condition that 
the curve of the pressures passing by the 
point 6, the pressure at the nearest ex- 
tremity E shall be equal to the limit B'. 
The curve of the pressures is necessarily 
perpendicular to all the actions of the pressure of the water upon the arch which converge to the 
centre O, and, consequently, this curve is a circle concentric to that which forms the outer face. 

This granted, to ensure the stability of the structure, there must be equilibrium in the half- 
arch E G L B' between the reaction of the abutment at the point K, the pressures of the water 
between the points E and B', and the reaction B of the half-azoh A' H E G. 

This oonoition of stability leads to the following equation ; 




aM^F = BxKN, 



[44] 



which expresses the sum of the moments of the thrust of the water with respect to the point K as 
equal to the moment of the reaction B with respect to the same point. 

Let O E = p, O G = p' ; and let the angle E O B' be represented by A, the variable angle 
formed by the oirection of any joint G'E' with the radius O B by a, and the pressure of the water 
to the unit of surface at the depth considered by A. 

The pressure of the water upon an element E' of the facing A' E B' is represented by fi (f «, or 
by Ao^S since we have di = pda. 

Toe moment with respect to the point K of the elementary pressure F is thus 

fipdaME = Cipp' sin. ado, 

/»o = A 

find, consequently, 2M, F = / App' sin. ada = Qpp* (1 » cos. A). 

Again, E N = / (1 — cos. A), and, consequently, equation [44] becomes 

Xlpp' (1 - COS. A) = Bp' (1 - COS. AX 

or fi p = B. And as fi = -zr- 1 
•^ 2 



B = 



Wp9 



[45] 



must 



The value of R being determined, the thickness E G = x may be immediately deduced. 

The pressure to the unit of surface upon the joint E G in the point E, where it is greatest, 

Bt be equal to the limit B'. This condition is easily expressed by means of formula [10] ; 



2^ 
8 118 



; = A. 



4 B 



It is Bufflcient to make u = - . F = R, and we obt&io — = AS*, orsabsUtating the v»liie[4ir| 
of It J 

We most ramBTk ttutt a stone stmctare u capable of reaist[ag as an amh only so long as tba 
thiokness at the crown is not too great with re»peot to the radius. The present state of science, 
In tho mnlter of the stabjlit; of arches, does not enable us to lay down with mathematical preci- 
sion the limiting value of this relation, but we mar consider as certain that the hypotheaea which 
led lu to formula [46] will not be realized if the thickneas at the crown exceeds the third of the 
nidiua. Let aa, therstore, take as the limit of z, ji = ^ , and calculate the corrosponding value 
oTH. 



Formula [46] beoomea ^ = — —, and we deduce from it 
39 



r*Ti 



Making A = 30, and 8 — ^, we obtain H = 4'47, whence we must conclnde that for barragea 
of a height greater than 4""4T we should be obliged to adopt a thioknean at the orown much too 
great with respect to the dimensions of the radius to allow the materials to resist aa an arch. 

Maiimum hrendth of ths PmfiU at tha Base in Namm Valfeyj.— In the cose of narrow Talleya, the 
retaining wall of a barrage is built into the rocks on each side, and this circumstance allows us to 
adopt a ihicknesa somewhat less than that required wheu the wall resists by its own weight only. 

It isovident that the walls of a reservoir need never possess a thickness greater than the breadth 
of the valley at the height considered. 

Let WW, Fig. B275, be the section of the sides of the valley. ABC D U the horiiontal 
■ection of a wall haTiug a thickness DB eaual to the breadth ABof the valley at the height 
cousidered ; trace the diagonals AD, C B, of the 
square A B C D, A barrage composed of the tri- 
angles A O B, COD, would be eufficiont to resist 
the pressare ofthewater; indeed, the thrust being 
at each point directed perpendicularly to the sur- 
feoe pressed, we see that all tlie forces, such aa 
F, F , F", pressing against the face A B will meet 
the lock Ijetween the point D and the point B, 
and that tbeir action will be destroyed by the re- 
sistani^e of this rock. It will be the wane with 
respect to Ibe forces applied to A O. 

Practically, we must suppose the triangle 
A OB tilled with masonry to support the upper 
portion of the barrage, wbiah, corresponding to 
a greater breadth in the valley, has been con- 
structed to resist by its wcigbt the action of the 
water. But the barrage formed by the square 
A B C D wUl evidently resist as well as that 
formed by tho two triangles A O C, BOD; the 
part A O B will act like a wedge designml to 
transmit the pressure eierted upon the faoe A B 
perpendicularly to the diagonals AO and OB. 
Tbe resultant P of the actions of the thrust npon 
the face A B is resolved into two forces P' and P" 
normal to tbe diagonals O B, A O, which produce 
upon these faces the same actiou as that eierted 
by the direct thrust of the water in the case in 
which the triangle A O B is supposed removed. 

Wo see from the foregoing considerations that a wall having the thickness of tbe valley to be 
barred will transmit directly to tbo sides of the valley the horizontal actions of tbe thrust of the 
water, and that it will thus run no risk of being overthrown. But to ensure the stability of the 
structure in a satisfactory manner from the point of view of the reeistanee of tho materials, the thrust 
of the water must in no point give rise to a pressure greater than It'. 

The height which a barrage may have without exceeding the limits of this condition is easily 
determined. The pressure exerted to tbe unit of surface on the face A B is represented by H I : 
this pressure gives rise to two forces perpendicular to the diagonals C B A B or to tbo surface of 

the rocks arranged in gradations parallel to these diagonals the value of wbicb is — -- To 

eusare this stability, this pressure must be eqoal at the most to B' = a I', and, consequeutly, wa 

ought to have — - = Af ; whence H = - V2. Admitting as before, \ = 30, 9 - j:, we obtain 

U — B4'e52. Hence we conclude that so long as tho height of the barrage dae« not exceed 
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M'"-852, it is not TieBeamrj to gire it a thicknew gteateT than Ihe brafidth of the Tftlley to enable 
it to resiat the action of tho water. As barniKes neTer leacii thia height, we may conclude In a 
genera] manner that the wall of n resepvoir will always be capable of resisting the action of the 
water, if at all points it possesses a thickness equal to the breadlh of the Taliey. 

To dtUrrminii a Profit for a Valley of ^luen Cimmiion).— It it be wished to apply to a valley of « 
determinate breadth, a profile calculated according to the conditions laid down in the ceily portion 
of these lemarka, its thickness may be reduced wlien it reachca « yalae equal to the breadth o( 
the valley. Tbe height bevond which (he Ihickneag cannot be calculated accnrdini; to thoee con- 
ditions may be detennina! hy a Tery simple geometrical oonBlructinn. Tlius. Fig. 2276, draw 
perpendicularly to (he rJRht line O O' the breadtlis O B", A'B', A B, C D', C U, of the barrage con- 
sidered at the various heights, and draw also tho breadths O S, M' N, N' N, P' P, Q' Q. of the Tallev. 
Join the points B", B', B', IV, D, which are the extremities of the first perpendiculars; join m 
like manner tho extremities of the S. H, N, P, etc., of the second series Df perpendiculars. The 
distance T T' from the point T, where these two lines meet at tbe top of the barrage, will be tha 
height sought. 

By giving lo the barrage from tho height T T a thickness T T" etinal to tho breadth oi the 
valley at this point, we sliaU ensure its being capable of resisting tho action of tho water. At tho 
lower part there will bo an excess of section, since the breadth of the valley decreases, and since it 
is BufScienl for the wall to have in every poiul a thickness equal to this breadlh. 

But it will also bo Doccssary to see that the vertical forces which continue to be transmitted 
to the foundations do not, in any point, produco a pressure to the unit of surface greater (ban the 
limit R'. This consideration will require an increase in the thickness of the wall from the point T, 
but it will be less considerable than in the case in which the wall resists by its own weight, because 
the thrust F, being destroyed by tbe laterul resintance of the abutments, will not have the effect 
ot driving the point of applicatioa E of tho vertical fone opon tbe base towatda the outer edge A', 
as in the c«ae of Fig. 2272, for example. 



The dlmonrions of the lower portion of the proQle may^ bo calculated by the following consi- 
derations ; — het M N, Fig. 2277, belhe horiiontal plane pasflingthrough the height just determined ; 
let M N = fr, M H = A', » F the weight of the upper portion CD M N of the barrage, «' i the weight 
ot the water acting npon the inclined surface MB, a the distance at the poiul M from the centre 
of gravity of tlie portion C D M N, and B the distance at the point N from the vertical reaultonl of 
the actions of the weight of the masonry and of the water npon tbe face M B. We will take as 
unknown B' H — y and L A' = 2. 

Tbe question may be solved in the same way as those wbich we have already treated, namely, 
by expressing the pressure to the unit of surface at the points A' and B', According as the reservoir 
isfnUor empty, as equal to the limit B'. Tbeeqnatiousof the problem will still be the expressions 

2 )"^='*'B~F~*''° ''"'^ "* '""'* substitute for the quantitiea 

F, I, B, their values as functions of the data of the qnestion. 

Considering, in the first place, the case is which tbe icaervoir iB fall, we bave 

HaUng, for greater oonvenience, 

. + s'« + 4A'= 0-, and2i + ff = H', P = | [2 »■ + A' * + j (fc' + H'fl)]. 

Again, <i = AK = z + I'K. 

The value of 1^ R is found by expressing the moment ot the whole weight P. with reapeet lo 
the point N, as aqual to the smn of the moments " "^ "—" =-~ " 



MaJdng (j + j'fl>/3+ -— = j.', we thns obtain 

= < g*' + 3A'fl)y' + 6(V+ H' ll>»y + 4A';c' + 6i < A' + H'e)y + lgiy'» + lg/' 
" " 6 (2 a' + A'x + y(,h' + H'«> 

aa those □fPuiilI = & + » + yin[9]ukd [10], we obtain 



|a:* + *iX U + 46X 

-|-26H'« I -ibh' 
+ 2AA' +4»' 

-8(r' I 



I x + ZxV 
+ 12a" 



8A*X 

f 3H'eA 

-4H'A'fl 

~2H''e' 



+ 6H'Sx 
-JH'A'fl 
-4A'' 



^-1- izxi/ i+ia/'x 



Tbe first or the eecond of these eqniktioiu will be reqairad aoocading ai 

fr + j + y 



Tbe pressure to the unit of mrhce at the point B' when the 



nothing from those nambared [30] 
and [31]. Combining one of tbeae 
two equatiooa with one of the oqua- 
tione [48] and [49], wa may deter- 
mine the unknown x and y. 

Having determined bj the pra- 
cedin;: conditions the lower portion 
U N B' A' of the profile, we shall be 
sure that the pressure to the miit of 
aur&oe in A' or B', according as the 
reservoir is full or empl;, will be 
equal to tbe limit B', and that at the ~ 
same time the presaura at the corra- 
sponding points a' and 6' of the aame 

horizontal aeetion will be lees than this limit. The cnbe of the nasonrj may be determined by 
dividing the surface M 14 B' A' into a oertain number of tones, such as M N, m' n'. Ml" n", and so on. and 
calculating the lengths m' h', C n', m" h", C n", and so on. Fig. 2278, to the condition that the preaiurea 



equal to tbe height H h' of the at 

If a graduated facing be employed in the nppei portion. It will be well to employ the same 
system in tbe lower portion. Pig. 2279. 

The calculations are maide in exactly the same way as those which we have developed, always 
denotiug tbe edge of tbe outer gradations by z, and that of the inner gradations by y. The equa- 
tions [48], [49], [30], and [31], are replaced by the fol towing ;— 



A« 


+ 2A9 


SA'A 
3A«A 
ih'f 

shh'e 


y' + eVA 

+ 8hh'B 
-8 A" 



I i*+2Sx 
+ 26V 
+ 26A9 

I -i-^ 



+ 2«' 



-SA"* 



J/-|-3A'A 1 i^ + GA 



-4A'' 



-8h'a 



I -8A'ir 



= 0. 



[42] 

Applicatim of the Theory to the Calcvltaion of Various Prvfles of Danu.—To render more complete 
the theoretical oonsidefBtious which we have developed above, we have applied them to the dxiter- 
minationof the profile of a barrage M metres in height and unlimited in length, and of that of the 
barrage of the Fnreoswhicb dams the valley at a point where it is only? metres broad at tbe bottom. 

In these calculations we have supposed that tbe density of water being equal 1000, that of the 



msacmTj vonid be equal to 2000, K> that we ttave 8 = 2000, S = lOOOi s - IcohMwlDgtlie limit 
B' foi the preatnire to the unit of gurfaee on the maBonry and on the Boil of the foandBtioiiB, we 
voce led to adopt G kilogrammea to the sqiiiue centtmutre, or 60,000 kilognumnea to the square 
metro, m that in these csloolatioiu we have B' = 60,000 and ) — 30. Hy admittiag this limit, wa 
■ball keep within the oonditiooB of stabilitf . The walla of the banB);e ot JBouneleae, to which 
we tuTG before alloded, and ot Clomel on the canal from Nante« Ic Brest, support, in oertain pointa 
a preaaure grmter than 6 kHogrammea to the square oentimctre. and these strnotores are in a state 
of perfect preservation, 

Profilti tnVi Ittdmed Facingi apfiieit to Watli a/ 60 metra in h^ghl. — In the first place, wo 
determined two proQlea for valleyB of ^reat breadth by means ot the calculatioDB developed in the 
early portion of these oondderationa. These profiles oro represented by Fig8. 2240 and 2""" '" 
■' - •- .... - ... .. "heborragBottt- 



the former of these we have already called attention when speaking of the barrage of the Fnrens. 

By means ot the equations [10] and [18] we first detennintd the height C A, Fur. 2280, through- 

out which the inner faoe might be vorlioal, and tbo oorresponding breadth A B. We thai admitted 



inclined facings A A', B B', and the dimenaions of this portion of 
the straotnie were determined by means of the equations [28] 
and [30]. The beurage thus oonstraoted possesses tnis property, 
namely, the pressare to the unit of surface in the points A, B, A', 
B', is eqoal to 6 kilogiammee to the square centimi^tre, but less 
than this limit for any horizontal section, sach aa m n, other than 
AB, and A' B'. Thus the pressure at the point n in the hori- 
fontal plane passing through the middle of A, is equal to only 
1''79 to the square eentimi.-tre. 

The profile of Fig. 2240 is constmcted in aooordanco with 
more economical conditions. Wo have supposed each of the por. , 
tions C D B A, ABA B', into which the profile is necessarily 
subdivided, itself divided into two purtiona. The dimensions ot 

the portionC Dmn were determined by means of cquution [221 In which the height h was made 
eqnal to 12 'OO. The breadth mn having been calculated, the dimenstonsof the part mn A B were 
found by means of the equations [17] and [19]. To construct the lower portion Am'A'B'n'B, the 
height of 24 metres which it poeseaees was supposed divided into two equal portions, and rr 



Q the equations [2^ and [31] to det^mine aucceseively the breadths tn' n' and A' B'. 

A profile so determined incun a pressure equal to the limit R' only throngh the sections m n, 
A B, m' »' A' B'; for all other sections this pressure is less than 6 kilogronunes to tbo square oenti- 
mijtre, as may bo seen in Table A, columns 11 and 12 contaieing the pressures when full and when 
empty upon sections taken at every 2 metres from the top. We may remark that the pressure* 
when full are, in the upper portion, far from reaching this limit ; this will not be surprising when 
it is borne in mind that the theoretical profile ought to have a thickness nul at the summit, whilst 
we have been led to give it a breadth of 5 mtb^. The curves of the pressuroa when full and 
when empty are described on Fig. 2240; Z X X X is the curve relative to the case in which the 
reservoir is full, arid Z Y Y Y is the curve nhen empty. The absoissm such aa X m Y n of these 
curves, which are nothing but the vslne of u in the eipresaions [1] and [2] that give the pressures, 
ue plaoed in coltunns 9 and 10 of Table A. 

The profile we are considering is in good oondittons of stability with respect to the pressure 
anpported by the masonry: it remains to be proved whether the stability be equally sure with 
respect to the slipping of the courses of the maeanrr one over another, and of the whole structure 
upon the soil of the foundation. We have seen that to ensure the stability of the structure in 

legard to this question of slipping, we most have foreachoonneZI — iut )^ 1- °"^' the limit 

la this eqnatton / represents the coefficient of friction on the munnry, ■> tho force ol cohesion 
in the masonry to the unit ot surfHco, b the breadth of the profile in the course considered, and • the 
surface of the portion situate above tiiis oonrse. 

Neglecting the ooheaion of the masonry, and thos assuming unlavonrable conditions, equation [43} 
Iff 

In colnmii 8 ot Table A will be found the value of this qnantity, which is none othel than that 
of the ratio ot the thrust to the vertical pressure. It will be seen that the maiimnm value it 
attains is 7304, and as O" 76 is usually admitted for the coefBoient ^, ire may conclude that the 
profile ot Fig. 2240 is in good conditions ot stability with respect to slipping, even when we do not 
take into account the cohesion ot the mortar, 

Projile of Equal Rtiialanct calculattd by tht Appnximatnt Method fot a Wali SOmilra m imjW. — 
The principle* developed by us respecting the determining of a profile differing but little from one 
oT equal resistanoe, have been applied to a barrage 50 metres in height The upper portico C DB A 
of this profile, which was reprosentad m Fig. 2241, was determined by means of the equation 136]; 
the remainder of the barrage was supposed to bo divideil into sections of a oonstaut height of 
2 metres. The graduations included between the plane B A and C C" in that portion tn which the 
profile is vertioal ra the side of the water were calculated by means of the ef|uationB [37] and \^\ 
tsMng cate, when "hfli^ig the one suited to each gtadoAtiui, to o<»iform to the instractums wnion 
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we have already given relative to this matter. The lower portion of the barrage was calculated by 
means of the equations [39], [40], [41], and [42]. But as these calculations are very intricate and 
tedious, when a sufficient number of graduations has been determined to give nearly the form of 
the curves passing through their re-entering angles, we may calculate the salient angles x and y 
tentatively by choosing as the first approximative values those which result from the intersection of 
these curves produced with the horizontal planes forming the base of the graduations, and modify- 
ing these values until the pressures resulting from them are equal to 6 kilogrammes to the square 
centimetre. Table B, drawn up in the same manner as the Table relating to Fig. 2240, contains all 
that it is interesting to know with respect to the profile of Fig. 2241. It will be seen that the 
maximum value to be given to the coefficient of friction, to satisfy the conditions of stability with 
respect to slipping, is 0*7324, a value less than the limit applicable to masonry. 

Comjcarison of the Profiles calculated. — Profile to be adopted, — There is no need of insisting upon 
the advantages possessed by profiles deviating but little from one of equal resistance. It is perfectly 
clear that a reservoir wall calculated so as to ofier on certain points pressures much less than the 
limit not to be exceeded, might, with a more rational arrangement, have had smaller dimensions 
without offering less security. The profiles of Figs. 2240, 2241, differ very little from one of equal 
resistance ; the former admits the limit of pressure only upon the sections m n, A B, m' n\ A' B' ; 
the latter admits it upon all the re-entering angles of the graduations. In all the other points of 
the facing, in bot^ profiles, the pressure to the unit of surface is less than the limit adopted. It 
remains for us to compare these two profiles. From the point of view of stability with respect to 
the pressures, the advantages which they offer are nearly identical. The same may be affirmed 
with respect to the resistance to slipping ; in the former, the maximum value to be given to the 
coefficient of friction in the masonry is 0*7034, it is 0*7324 in the latter. Either of these profiles 
might be chosen indifferently if no question foreign to stability had to be taken into consideration. 
-But there are other conditions in works of such magnitude which may not be overlooked. These 
are the suitability of the forms adopted to the materials to be used, the cost, and the effect produced 
from an artistic point of view. When the materials to be employed consist chiefly of porphyry,' 
granite, or basalt, stones which, for the most part, do not admit of being regularly cut, it becomes 
especially difficult to construct the facings with horizontal joints. The profile of Fig. 2241, how- 
ever, requires as an indispensable condition that the facings should be so constructed, and, having 
regard to the slight projection of the graduation, we should be under the necessity, in order to 
obtain a solid structure, to cover them with stones eaual in length to this projection. On the 
contrary, the facings of the profile of Fi^:. 2240 may oe easily executed with materials hard to 
cut, by adopting the system of irregular joints, the only practicable one with the greater part of 
porphyries. From the point of view of cost, the profile 2240 again offers the greatest advantages ; 
it presents, in fact, a cube of only OBd"" *30 to the lineal metre, whilst that of Fig. 2241 has 1028 ' 75 
cubic metres ; the surface of the exposed facings is 119*70 square metres for the former and 152*15 
square mbtres for the latter. Supposing 12 francs to be the price of the cubic metre of the ordinary 
masonry and 20 francs the price of the masonry of the facings, we have as the cost by the lineal metrej 
of Fig. 2240 the sum of 12230*88 francs, which cost is increased to 12710*28 francs for Fig. 2241, 
thus offering a saving of 479 ' 28 francs in favour of the former. This saving would really be greater, 
for we have supposed the cost of the masonry of the facings to be the same in both cases, whilst for 
Fig. 2241 it would certainly be considerably greater. From the point of view of artistic effect, it 
seems to us that the outer face of Fig. 2240 presents a nobler aspect than the graduations of 
Fig. 2241. 

The foregoing considerations lead us to give the preference to the profile Fig. 2240, and that is 
the one we should propose if we were called upon to design the wall of a large reservoir. 

Before leaving this subject, we will examine some objections made to a system similar to the 
one we propose by M. de Sazilly. According to this well-known engineer, the principal objections 
to facings presenting a polygonal outline are the following ; — 

1. The acute angles formed by the horizontal sections of the wall and of the facings place the 
latter in unfavourable conditions for resisting the weight which they have to support. 

2. The too gentle slope of the outer face favours the growth of parasitic plants, whose effect 
is always destructive. 

3. The execution of a facing having a polygonal contour, while presenting an ungraceful 
appearance, is attended with practical difficulties. 

The last of these objections does not apply to Fig. 2240, since the outer face presents only four 
changes of inclination, the first of which is alone perceptible to the eye. The second objection 
applies with greater force to the horizontal portion of the graduation of Fig. 2241. True M. de 
^ziUy proposes to cover them with a layer of bitumen ; but the growth of vegetation may be 
easily prevented on the facings of Fig. 2240, and with less expense, by carefully executing the 
joints and keeping them in a good condition. The first objection, which is certainly the most 
serious, is of less importance in the case of our profile than in the case of the one to which it was 
applied. . Indeed, tliis latter has a polygonal contour concave with respect to the straight facings 
n B, B n\ n' B', of Fig. 2240, and, consequently, the sides of this polygon make with the horizontals 
in each point angles smaller, than those of our profile. But in any case, this objection may be 
removed oy arranging the masonry of the facings normally to the surface of these facings. With 
this arrangement they will certaiidy be in better conditions of resistance than those of the gradua- 
tions of Fig. 2241, which the pressure may tend to separate from the mass of the structure along 
the lines which join the re-entering angles. 

Profile of the Barrage 50 metres in height constructed on the i\irena. — At the part where this 
barrage is constructed, the valley Is only 7 metres broad at the bottom, as shown in Fig. 2281. 
This circumstance, as we have already seen, enables us to diminish the breadth of the barrage at 
the bottom. To determine the point from which, the profile having reached the breadth of the 
valley, the horizontal thrust is destroyed by the resistcuice of the rocks, we have applied succes- 
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riyely to the profiles 2240, 2282, and 2241 the constrnction shown in Fig. 2276. The lines OS, 
M'M, K'N, P'P, Q'Q, drawn perpendicularly to the vertical line OO', are eqnal to the breadth 
of the Tallej at the heights O M', O N', O P', and so on, above the bottom. 

The lines O B", A' B, A B, 0' D, C D, are equal to the breadth of the profile, Fig. 2240 ; at the 
heights OK, O A, OB. OC, OC, the lines Jb\ 6" a", and so on, represent the breadths of Fig. 
2241. We see from the construction that 

the breadth of the barrages reaches the ^^i- 

breadth of the valley at a height above the 
foundation comprised between 14 and 15 
metres for Fig. 2240, and betwe^i 15 and 
16 metres for Fig. 2241. To avoid frac- 
tional niunbers in the height of the sec- 
tions into which the profiles are divided, we 
have taken 14 metres for the first of these 
heights, and 15 metres for the second. The 
lower portion of the profiles suitable to the 
▼alley of the Furens was calculated by means 
of the formulsB relative to valleys of given 
dimensions, and in this way were obtained 
the two profiles, Figs. 2242, 2248, referred 

to when treating of that barrage. The breadth of Fig. 2242 at the base was calculated bv means 
of the eauations [48] and [30], from which the values K'p = y and W q = x were deduced. 
The graduations of Fig. 2243 were calculated by means of tiie equations [50] and [41]. These 
two profiles are exactly similar to those of Figs. 2240, 2241, as far as the plane m' n', and 
Tables A and B contain all that is required to calculate their resistance. Table C contains the 
same elements for the lower portions ; only the horizontal component of the thrust being directly 
destroyed by the resistance of the rocks, the slipping of one course of masonry over another is 
rendered impossible ; for this reason we have not given in this Table the elements relating to the 
resistance to slipping. 

It will be noticed that the curves of the pressures when full Z X X X in these two profiles 
present a point of retrogression where they meet the plane m' n' ; there is nothing surprising in 
this, as it was from this plane that the horizontal component was supposed to oe completely 
destroyed, but in reality the point of inflexion would have no existence, because on approaching 
the plane m' n', before being completely destroyed, the thrust would be weakened, and thus the 
curve of the pressures would be brought nearer the inner face, and would assume the form shown 
by the dotted line. 




Table A. 



Height 

measured 

fircnn the 

Top^ 


ydume 
of the 

Masoniy 
to the 
lineal 
mitre. 


Reduced 
ThiGknetB. 


RaUo 
of the 

Beduoed 

Thickness 

to the 

Height 


Total 
Vertical 
Pressures. 


Horixontal 
Thrusts. 


Ratio 

of the 

Preasure 

to the 

Thrust 


Value to 
be given 
to the Co- 
efficient of 
FricUon 
for Equi- 
librium. 


of the 1 
Curve of 
the Pres- 
sures 
i^hen 
fuU. 


Abscissa 
of the 

Curve of 

the Pres- 
sures 
when 

emp^. 


Mazlxnum 

Pressure 

to the 

square 

centimetre 

when full. 


Maximum 

Preesure 

to the 

square 

centime tie 

when 

empty. 


1 


8 


8 


4 


6 


6 


. 7 


8 





10 


11 


12 










tons. 


tons. 


1 






kilos. 


kilos. 


2 


10-253 


5 1265 


2-5632 


20-506 


2' 


00 


10- 


2530; 0-095 


2" 


62 


2-56 


0' 


39176 


0-27002 


4 


21 012 


5-2530 


1-3131 


42 024 


8- 


00 


5" 


2530, 0-190 


2- 


69 


2-65 


0- 


91916 


0-85344 


6 


32-278 


5-3796 


0-8966 


64-556 


18' 


00 


3- 


5864' 0-275 


2' 


50 


2-69 


1' 


56894 


1-34472 


8 


44 052 


5-5065 


0-6883 


88-104 


82 


00 


2 


7532' 0-360 


2 


28 


2-76 


2" 


52140 


1-84464 


10 


56-330 


5-6330 


0-5633 


112-660 


50- 


00 


2 


2532 0-440 


1 


94 


2-82 


3 


86172 


2-34540 


12 


69 120 


5-7600 


0-4800 


138-240 


72 


00 




'9200 0-520 


1 


•54 


2-89 


5 


•98441 


2-83232 


14 


83-608 


5-9720 


0-4265 


167-216 


98- 


00 




7062 0-585 


2 


21 


3-02 


5 


04719 


3-65052 


16 


100-993 


6-3120 


0-3945 


201-986 


128 


•00 




•5748 0-630 


2 


■78 


3-25 4 


■83752 


4-15936 


18 


121-275 


6-7375 


0-3743 


242-550 


162 


•00 




•4972 0-665 


3 


30 


3-56 4 


•90198 


4-54354 


20 


144-451 


7-2227 


0-3611 


288-908 


200 


•00 




•4446' 0-690 


2 


■78 


3-92 5 


•09510 


4-91565 


22 


170-530 


7-7513 


0*3523 


341-060 


242 


■00 




■4082 0-705 


4 


'24 


4-32 15 


•36106 


5-26631 


24 


199-503 


8-3126 


0-3463 


899-006 


288 


•00 




•3854 0-720 


4 


•69 


4-74 5 


•66761 


5-60799 


26 


231-380 


8-8992 


0-3422 


262-760 


338 


•00 




•3690, 0-730 


5 


•14 


519 16 


•00020 


5-94619 


28 


267-020 


9-5.364 


0-3106 


548-855 


392 


•00 




'4001 0-7143 


6 


■31 


6-16 15 


•79478 


6-78522 


30 


307-312 


10-2437 


0-3404 


645*240 


450 


•00 




■43391 0-697 


7 


'43 


7-21 


^ 


•8137^ 


5-68148 


82 


857-247 


11-0077 


0-3439 


761-799 


512 


•00 




'4879 0-672 


8 


-57 


8-23 


5 


•85488 


5*73312 


84 


401-828 


11-8184 


0-3476 


869-120 


578 


•00 




•5037 0-666 


9 


'76 


9-26 


5 


•89248 


5-75856 


86 


456 055 


12-6682 0-3519 


996-655 


648 


•00 




'5380 0-640 


10 


•83 110-28 


5 


•99080 


5-86768 


38 


514-940 


13-5510 


0-3567 


1134-590 


722 


■00 




•5714i 0-636 


12 


•12 


12-80 


6 


•00372 


6-00088 


40 


579-283 


14-4821 


0-3620 


1306-073 


800 


•00 




■6383: 0-612 


13 


•89 


12-90 


5 


•96288 


5-90304 


42 


649-912 


15-4741 


0-3684 


1494-374 


882 


•00 




■6943i 0-589 


15 


■69 


14-48 


5 


•91300 


5-84984 


44 


726-830 


16-5188 


0-3754 


1696-500 


968 


•00 




•7525! 0-570 


17 


•46 


16-04 


5 


■93320 


5-80800 


46 


810-020 


17-6091 


0-3828 


1913-415 


1058 


•00 




-8085' 0*552 


19 


•17 


17-60 


5 


93620 


5-85312 


48 


899-515 


18*7399 0-3904 


2145-186 


1152 


•00 




•8621 0-537 


21 


■00 


19-14 15 


92640 


5-98136 


50 


995-300 


19-9060 0-3981 


2391-783 


1250 00 


1-9134 


0-522 


22-76 


20-67 5-99638 


5 00380 
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Height 

measured 

from the 

Topl 


Yolume 
of 

Masonry 
to the 
lineal 
mdtre. 


Reduced 
Thickness. 


Ratio 

of the 

Reduced 

Thickness 

to the 

Height 


Total 

Vertical 

Pressures. 


Horixontal 
Thrusts. 


Ratio 

of the 

Pressure 

to the 

Thrust 


Value to AhedsBse 

be given of the 
to the Co- Curve of 
effldentof the Pret- 

Friction sures 
for Equi- when 

Ubrium. fulL 


AfaKlnsB 
of the 

Curved 

the Pres- 
sures 
when 

empty. 


Maximum 

Pressure 

to the 

square 

centimetre 

whenfulL 


Maximum 

Pressure 

to the 

square 

centimetre 

when 

empty. 


1 


2 


8 


4 


6 


6 


7 


8 


9 


10 


11 


12 










tons. 


tons. 










Uloa. 


kilns. 


9 


45-00 


5 


•0000 





•5555 


90 


•000 


40 


•50 


2 


•2222 


0-4500 


1 


15 


2 


•50 


5 


•21739 


1 


-80000 


11 


56-60 


5 


•1454 





•4677 


113 


•200 


60 


•50 




•8710 


0-5344 


1 


25 


2 


'58 


5 


•99655 


2 


59578 


13 


70-44 


5 


'4184 





•4168 


140 


•880 


84 


•50 




•6672 


0-5990 


1 


•56 


2 


75 


5 


99533 





'28171 


15 


86-78 


5 


•7853 





•3856 


173 


•560 


112 


•50 




•5427 


0-6481 


1 


•92 


3 


00 


6 


01354 


3 


'81081 


17 


105-86 


6 


•2270 





•3663 


211 


■720 


144 


•50 




•4652 


0-6821 


2 


35 


3 


32 


6 


01631 


4- 


23867 


19 


127-88 


6 


•7305 





3542 


255 


•760 


180 


•50 




•4169 


0-7057 


2 


•84 


3 


70 


6' 


00037 


4 


61308 


21 


153 02 


7 


•2866 





■3469 


306 


•040 


220 


•50 




•3879 


0-7204 


3 


40 


4 


12 


5 


'99567 


4 


94766 


23 


180-44 


7 


•8886 





3429 


362 


•880 


264 


•50 




•3719 


0-7288 


4 


03 


4 


59 


6 


00104 


5 


26989 


25 


213-32 


8 


5328 





3413 


426 


•640 


312 


•50 




3652 


0-7324 


4 


74 


5 


09 


5 


99992 


5 


58169 


27 


248-84 


9- 


2162 


0- 


3413 


497 


680 


364 


50 




3653 


0-7324 


5 


53 


5' 


63 


5 


99683 


5 


88712 


29 


288-44 


9' 


9462 





3429 


579 


'985 


420 


50 




•3792 


0-7251 


6 


47 


6 


42 


6 


00229 


5 


99072 


31 


332-52 


10 


7264 





3460 


674 


235 


480 


50 




4031 


0-7126 


7- 


57 


7' 


39 


6 


01028 


5 


99637 


33 


381-42 


11 


5581 


0' 


3502 


780- 


250 


544 


50 


1 1 


4329 


0-6978 


8- 


81 


8' 


47 


5 


99629 


5 


99664 


35 


435-36 


12' 


4888 





3553 


898' 


690 


612 


50 




4672 


0-6815 


10 


13 


9 


65 


5 


99890 


5 


97899 


37 


494-62 


13" 


3681 


0- 


3613 


1030' 


335 


684' 


50 




5052 


0-6643 


11 


56 


10' 


93 


6 


00256 


5 


96272 


39 


559-38 


14' 


3130 


0" 


3677 


1174 


100 


760' 


50 




5438 


0-6477 


13 


06 


12 


22 


5 


97624 


5 


'99464 


41 


629-98 


15- 


3653 


3747 


1333 


240 


840' 


50 




5862 


0-6304 


14 


67 


13 


65 


5 


'98226 


5 


99696 


43 


706-70 


16- 


4348 


0" 


3822 


1507' 


795 


924' 


50 




6039 0-6131 


16 


38 


15' 


16 


5 


97236 


5 


'99696 


45 


789-84 


17" 


5520 





3900 


1698' 


585 


1012 


50 




6775 0-5960 


18 


20 


16' 


77 


5 


'98106 


5 


99716 


47 


879-70 


18" 


7170 


0- 


3982 


1906' 


430 


1104' 


50 




7260 


0--5793 


20" 


11 


18' 


48 


5 


97802 


5 


99909 


49 


976-60 


19- 


9306 


0- 


4067 


2132' 


190 


1200' 


50 




7760 0-5630 


22 


12 


20- 


27 


5 


98188 


6 


00268 


51 


1080-00 


21-1941 


0-4155 


2377-295 


1300-50 


1-8279 0-5470 


24-27 


22-18 


5-99596 


6 00160 



Tablb C. 



Hdi^t 

measured 

f^om the 

Top. 



Volume 

of the 
Masonry 

to the 
lineal m^tre. 

2 



Reduced 
Thicknea. 



8 



RaUoof 

the Reduced 

Thicknesa 

to the 

Height 



Total Vertical 
PresBuresL 



AbsclsssB 


AbsdsBB 


of the 


of the 


Curve of 


Curve of 


the Pres- 


the Pres- 


sures when 


sures when 


fiilL 


empty. 


6 


7 



Maximum 
Pressure to 
the square 
oentlmdtra 
when full. 

8 



Maximum 
Pressure to 
the square 
centimetre 
wheoemp^. 

9 



26 


233-61 


8-9850 


0-3455 


28 


266-94 


9-5335 


0-3404 


30 


307-00 


10-2333 


0-3411 


32 


351-55 


10-9859 


0-3433 


34 


400-59 


11-7820 


0-3465 


36 


454- 18 


12-6161 


0-3504 


38 


510*99 


13-4471 


0*3538 


40 


569-82 


14-2455 


0-3561 


42 


aso-67 


15-0159 


0-3575 


44 


693-^ 


15-7622 


0-3582 


46 


758-43 


16-4876 


0-3584 


48 


825-34 


17-1945 


0*3582 


50 


894-34 


17-8868 


0-3577 


39 


556-16 


14-2605 


0-3656 


41 


620-20 


15-1268 


0-3689 


43 


686-88 


15-9739 


0-3714 


45 


756-36 


16-8080 


0-3735 


47 


828-84 


17-6349 


0-3757 


49 


904-48 


18-4587 


0-3927 


51 


983-48 


19-2839 


0-3781 



Fig. 2242. 

467-220 

540-500 

627-720 

724-420 

830-580 

946-490 

1034-740 

1171-540 

1301-700 

1442*280 

1587-580 

1737-620 

1892-525 

Fig. 2243. 

1165-255 
1307-960 
1457-515 
1614-005 
1778-865 
1952-235 
2134 000 



5-20 


5-18 


6-21 


6-14 


7-32 


7-10 


8-45 


804 


9-53 


9-05 


10-65 


10-03 


11-57 


1114 


12-35 


12-13 


13-31 


13-12 


14-09 


14-01 


14-82 


14*86 


15-51 


15-67 


16-19 


16-47 



12 

13 

15 

16 

17' 

18' 

19' 



75 
90 
01 
12 
24 
38 
55 



11 
13 
14 
15 
16 
17 
18' 



99 
08 
14 
18 
24 
31 
40 



5-98493 


6- 


5-87128 


5* 


5-88208 


5- 


5-86224 


5- 


5-96656 


5* 


5-99930 


6* 


5-07080 


5* 


5-38948 


5- 


5-28036 


5- 


5*53184 


5- 


5-63808 


5- 


5-90902 


5- 


6-00268 


6- 



5-99075 
5-99693 
5-99999 
6-00164 
5*99794 
6-00044 
5-99899 



-00617 
-79687 
-39772 
-82776 
-93560 
•00100 
•96539 
-97094 
-95388 
•99196 
-98260 
-98752 
-00148 



6-00344 
5-99972 
5*99435 
5-99862 
6-00128 
5-99788 
600040 



All the reasons by which we were induced to prefer Fig. 2240 to Fig. 2241 exist in favour of Fig. 
2242 against Fig. 2243. The cube of the masonry is 894-34 cubic metres to the lineal metre, and 
it is 945-40 £6r the second. The surfaces of the facings are respectively 112-99 and 139*50 square 
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mHraa. Admitting the prioea given sbovc, tho lineal mbtre of Fig. 2243 would ooat 1I003'2S 
francA, a sum that would be increased 11679-60 frenos for Fig, 2^3, There would thus be a 
nving of 67G'34 franca in favour of tbo formot. and tbie Baving wonld actuatlj be greater bj 
reason of tho difference which would ncoeaaarilf exist in the prices of tho masonry of the faeingl. 
We are tnua led to believe that tlio profile repreeented by Fig. 2242 is the best. 

Comparing the price by the lineal miitre of Fig. 2282 with that of Fig. 2283, we find that the 
Utter exceeds the former dj 1227-62 fiancs. We aea tram this that toe sntall breadth of the 



Talley of the Furens enables <i£ to rednoe the ooit by the IiimaI mHra of bomge by abont one- 
tenth without in any degree diminishing the gtabili^ of the stmotore. See Babsaoe. Docks. 
Dbuhaoi. Embankmehts. O&atitt. Locxs. Pbmstibb, Centri of. Watkbwobxb. Wkibs. 

DAMPEB. Fb., Stgittrt ; Oeb., BauehtcMtlKr ; Tthi,,, Stgiitro ; Span., Vdlvula atemperadora. 

Bee Blast Fsbhadi. BraLiB, p. S90. OfOMSxr, itgitter; p. 9C0. Fubeaok. Stattohabt 
ENOims. 

DASH-POT. Fb., Appareii de choc ; Gxb, 8to$iapparat ; Jtal., AmmortatOM a itantvffo latino ; 
Sfah., aiindro para tnaorUguar lAogua, 

See Bbaee, p, 621. Cam, p. 906. 

DATUM-lllNB. Fb., Pian di niMou ; Oeb., Oraod oder SUmeBinit ; Ital., Zi'mBo ; Span., Fbnn 
de CDn>pamc»n. 

A d^taoAine ia the horizontal or base line, from vhioh the mufooe points bm DieBSored or 
reckoned in the plan of a railway. Bee A. F. 

DEAD-CENTBE. Fb., Point itiort ; Qbb., TodUr Pvnet ; Ital, Ptmto morto. 

A dead-centre, or dead-point, ia either ot the two opposite pointa in the orbit of a orank, at 
which the crank and the oonnecting-rod lie in the same straight line. See Alokbbaio Siohb, 

p. 42. LOOOUDTITXB. MaBINZ EnOUOES. SLIDIt-VALTKg. StATIONAHT EHGIMIS. 

DERBICE. FB^Jforhiwf; Geo.. Dirk edtr Fiekfall ; Ital, flrw; Spas., 6rwa, 

Bee LiPTs. Hours and Elxtatobb 

DETAILS OF ENGINES. Fb., Piicet dei machinea a vapew; Gm., Eimeint UtiU finer 
UoKhini ; ItaI, Parti delh macchxnt vapore ; Span., PittaJ de rndquinta. 

There are many minor eontrivaiioea and mechanical appliances attached to ste*m-engiQea that 
require detached and particular iavestigationa both with reepect to mechanical Brmngement and 
philosophical iuveati^tian. The detaiU reepeoting such mbjects we place under the heading 
Vttaib of Engines. 

Fted-Pmapi. — Simple Forcing-Fmnp. — The pnmpa which are in general nse, and which are 
worked directly by the engine, are aimilar to tliat of which Fig. 2281 is a transverse section. 

A feed-pump acts by overoaming the pressure inside the boUer. This circumstance, together 
with the small diameter which the pump has in nearly all cases, has led to the Bdoption of the 
■olid piston, called a pamp-^ungfr, or simply plunger. (See Aib-Cqahbib, p. 34.) This is the 
■ystem employed when a high pressure has to be overcome. 

The pump represented iu Fig. 2284 oonsiats of a cylinder A of cast iron or of bronze in irhich 
worics the piston or plunger B. This cylinder ia furnished in its upper part with a atufSng-box 
through which the phinger works. Below the Btofflnfi-boz the diameter of the cylinder is suffi- 
ciently Iwge to allow flio plunger to work Iieely. The example which we give in Fig, 2284 
poBseasM the peculiarity of beinK csist in one pieoe; tbis ia an arrangement that is often adopted, 
especially when the force exerted is not great. The lower portion of the pump consists of a bos 
or chamber C of an oblong form, the interior of which ia divided into two compartments b and b', 
oommnnieating vrith the chamber by means of the clack-valves D and D', called respectively 
tucking and forcing valna ; the channels d and d* connect these valvea with the pipes E and £ , 
and with the innar chamber. 

It will be seen from Fig. 2284 that In the arrangement adopted for forcing-pamps, the interior 
of the pomp A GommunicBtee, toi one side, by b 1M»b1 opening a with the comportment b, which 
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contains the sncking-valTe D, end, on the other, by the lower orifice c with the nnder-eide of the 
fotciug-valve D'. Aod in the same waj the auction-pipe E conunnnicates directly b; the channel 
rf with the lower aide of the Tdve D, whilst the pipe E', which leads to the boiler, conimimicatet 
by the channel rf, on the upper side of the vaive D, with the second compartment b'. 

It will be Been from the foregoing explanation that when the plunger rises a Tsonmn will be 
formed in tbe chamber C, and the preaanre of the atmosphere upon the reservoir will, eonaequently, 
force tbe water in through the pipe E bj raising tbe valve D. When the plunger deacenda, on 
the contrary, the force exerted upnn the water will close the valve D, and raise tbe other D', 
throngb which the water will nwh b; the pipe K into tbe boiler. 



The following details of the example we have clioaen will be of use. The form of the valves 
will be seen from Fig. 22S5, which repieeenta one of Ihom in elevation, and as seen from below. 
They consist of a fiat disc with a conical edge to fit tbe seat, aod a cylindrical ping hollowed or 
fluted on three sides to allow a passage to Uie water. These Talves are adjusted to cyltDdri<al 
orifices, the upper side of which forms tbe clack-aeat; these oriSces are concentric with the com- 
partments b and 6', which are also circular and open at tbe top, (o allow tbe introduction of lbs 
valyes. When the pump is at work, both of these compartments are hermeticall; closed by an 
iron lid e fitting upon a leather or lead washer. As it ia necessary to be able to einmine tho 
valves easUr, the lids t are held down by a single hand-acrew F working through tbe stirrup- 
piece 6, aCBxed by hooks // to tbe body of tbe pnmp. Tbia anangement will be easily under- 
stood by referring to Fig, 2286, which gives a side view of tbe pump through a transverse section 
I— 2 of the clack-box A'. 

It will be noticed that each valve has, on its tipper side, a short rod g ; this rod hss several 
uses. It serres ae a handle to turn the valve, or lo take it out of its seat ; but its chief use is, 
when the pump is working, to prevent the valve from rising out of the cylindrical apertore in 

Tbe stafBng through which the plunger plays has nothing lemaifable but its simplicity. Itcon- 
siatsof hemp, well grrased and kept tight around tbe plunger by tbe collar a and two belts hh. This 
collar ia rarely provided with a lubricating cup, 88 the stuffing ia usually greased with tallow, 
utd, as tbe apparatus works at relatively low temperatures, the grease lasts a considerable time. 

We use the term " relatively " because the feed-water ia naually warm. But, if the tempera- 
ture exceeds 30 or 40 degrees Cent,, tbe pump wiU work badly ; and it it be required to best tbe 
feed-water by means of the waKte beat, it will be belter to efl'ect this operation between the pnmp 
and the boiler, that tbe former may work with cold water only. 

The kind of pump which we have described may be of gun-metal or of east Iron. With the 
exception of the valves, which ought to be of gnn-metol or bronze on account of their delicate 
functions, all the parts should be of the same material. It ia the opinion of many experienced 
men that the presence of different metals in contact with wator, the action of which is alwaj-s in 
some degree acid or saline, gives rise to a galvanic current which acoclerates the oxidation of the 
metal. We do not assert the truth of this opinion ; we mention it as one worth; of attention and 
requiring further research. 

In the case of engines of direct action, feed-pumpa ere usually worked by means of a circular 
eccentric placed upon the shaft, A connwting-rod joins the eccentric and the pump-plunger. 
According to the arrangement shown in Figs. 2284 and 22S6, the pump ia fixed vortirally; t>ut it 
may be horizontal or inclined, with a slight alteration in the position ot the clack-boxet, aa wa 
shall have occasion to show later. 

Sometimea the feed-pump is oonnected directly with the motion of the piston of the ur-pninpv 



DETAILS or ENGHnSS. 1168 

irhen there ii a eoiidetiBeT; but in that case it is nacesoary to rednce the diameter of the plunge, 
because the stmke is relalivetj coiuidetAble, It is true that with the eooentric ve may fall iato 
the oppoBite fault, when we do not wish to give it eiaggerated dimennioiiB. This lattei coadithm 
is, however, more !□ m-mrdnnce with the ordinal; motion of a pump, which, except in the case 
of locomotives and engines driven at a high rate of speed, is nitually Blow. When applied to Lieam- 
engines, the pump it worked from the beam, and may have a greatly reduced stroke. 

The work of a feed-pump should, like the evaporization, be conliimoiia, but, od account of the 



ily intermittent, 
it greater power tlian tbeory 
' pleasure. TliiH means 



diOioalty of making it correspond exactly with the loss in steam, i 
Besides, as a pump is liable to irregularities, it is needful to give it 
demands, providing, at the same time, the means of suspendiug its actio 
is furniabed by two different methods which do not offer the same advantages. 

The first is to put it out of gear, and so to stop it completely. If the mBchaniam by which this 
il effected is easily managed, there is no objection to this method. 

In the second, the action of the pump is allowed to conltnuo, and the cock in the suction-pipe 
is partially or wholly closed. This latter method is certainly not the beat, for if the oock be cloaed 
the pump moves in a vacuum, and if there be the smallest fissure the air will enter. But what is 
of greeCer importance is, that this regulating by means of cocks, which are more or leas closed 
whde the plunger continues its motion, gives occasion for mistakes which may result in banting 
the pipes or some portion of the pump. We have ourselves witnessed a fact of this kind. The 
otinnecting-Tod whiui worked the pump belonging to a powerfnl beam-engine was found to have 
b^n twisted, notwilhatandina; the great diameter of the rod, which was not less than from 4 to S 
centimetres. An accident of this kind must be attributed to the closing of a cock in the forcing- 
pipe, a circumstance which, in the case we have cited, was rendered more probable by the fact 
that the driver had the command of cocks on the boiler. 

Many methods have been proposed for regulating the feed by means of a pump, by the level of 
the water in the boiler ; few have, however, been adopted in practice. 

Bat whatever method be adopted, aooidents may be prevented by providing the pomp with a 
aafet]^-valve. A safety-valve not only prevents accidents, but it may serve to clear the pump of 
the air which the water always brings in with it, and which is one of the most frequent causes of 
itoppage. It is well known that when the pump raises the water to a considerable height it pro- 
duces a corresponding vacuum which disengages the air from the water. The air thus introduced 
into the pomp, ascends to the apper portion, and gradually accumulates till its pressure hinders the 
tni^ilig-valve from opening. Thui can be got rid of only by opening a cock placed for this polpose 
on the pump or by lilting the safety-valve when there is one. 

The pnmp. Fig. 22i^, belongs to a two-cylinder engine. It differs from the preceding in the 
arrangement of tlie clack-boies and in being provided with a safety-valve. 

The clack-box is a kind of tube O, independent of the ^^'■ 

bod; of the pump and communicating with it by a tubular 
passage. Tlie inside of the tube C is ctaistnicted to receive 
the two valves D and V, which are, in this case, one above 
the other, and nneqnal in sLce, as they must be introduced 
through the same apertnre e. The snction-tube is in con- 
nection with the cock E below the clack-box. A pipe in the 
portion b' of the latter provides the commuuication with the 
boiler. When the pump-plunger, ascetids, the water Sows 
through the passage d, forces up the valve D, and enters the 
pump by the passage d' between the two valves. When the 
plnnger descends, the valve D' is forced up. and the water 
escapes from the compartment b' into the boiler. 

It is clear that this arrangement is inferior to those in 
which the valves are quite free of each other, ss in the pre- 
ceding example. To examine the lower one, it is necessary 
to remove the upper, and the flow of the water, wlijcn 
changes its direction at each stroke, seems less rational 
than in the pnmp represented in Figs. 2261 and 2286. 

We come now to consider the safety-valve to which we 
have alluded. This vatve H. of small dimensions. It situ- 
ated in the upper portion of the pump where the air is 
likely to accnmulato. The valve is loaded by a horizontal 
fever I, having a projecting piece g corresponding to the 
valve, to which it tranamita the action of the weight J. * 

This valve, which is absolutely necessary to prevent aeeideuls contingent on the ill-timed 
closing of a cock, or any cause wliich may hinder the flow of water into the pump, serves also to 
give egrees to the air which is continually aocumulaling. The conditions of the equilibrium of 
this valve, as in the case of safety-valves on boilers, have as a basis the internal pressure. The 
pump-valve must offer an excess of load over this pressure ; indeed, it is clear that it may reeist 
this pressure up to the practical limit of resistance bf the w^est portions of tlie pump. 

E. Bourdon's Pump, Figs. 2288 to 2290.— The flrst example is a horizontal pump applied to 
the horizontal engines oonstrocted by Bonidon for flonr-milla at Odessa. TheM engines are of 
25 borse-power. Fig. 2288 is a vertical section, and Fig. 2289 a transverse section along the 
line 1—2. 

The peculiarity of this pnmp consists in the constmctionof theclack.boxesand the valves, the 
latter being hinged. The main or oential portion A is provided with two passages c and c', exactly 
symmetrical and terminating in smooth projections. Upon these projections are fixed, by means 
of screws, two bronze Bests C and C vhich luiTe the carved passage* d and c*, and the passages 



1164 DETAILS OF ENGINES. 

E and B to which »n aCDxed the snotkni and the foimng pipes. It Ji Knuikable that, Mooriixsg 
to Ihe natunl play of tho Talvei the uimtige d is tn direct commimioBtton with tlie svotiOD-pipe, 
and the paemge <^ with the obaUDe^ <f, whilst the other cbannel o ii in direct ■"■iniTiiinKation Willi 
the chamber &. 



The iMts and C ai« enolosed In bell-ahapnd oovtn e, fbraiiDg the ohamben (a olaok-boxei 
i and b' : theao ooven aie held In their poaition by the atiniip-piece Q- and the gcrew F. The 
TalTSB themaelTea are solid diees fixed by a hinge. It dioiild be remuked, however, that for ranoll 
dimenstons engineen generally prefer the kind deecaibed in out flnt example, which requiree lew 
delioate adjnabnent and which b leas liable to get ont of ordel than the hinged valve. 

Thlspiunp ia remarkable for the neatneasof itaeonatnictionand the very rational wbt in whtoh 
the water oircolBteB through it, without anysharp angles or ehanges of diraotion. The clack-boxca 
too, being independent of their seats, allow of repairs being easily effected. The body of the pump 
il of cast iron, but the valvee and Ihe boxes are of bronze. With regard to the details of consirno- 
Hon, we have to notice that the pump-plunger B is hollow to allow the oonnecting-rod J, which is 

{'ointed to its lower extremity, to work in it : the object of this arrangement being to lessen the 
ength of the whole mechanism withoal shortening the connecting-rod. This pomp is furnished 
with a safety-valve H of Ihe kind described above. Vertical pnmpe are Sied by the base ; when, 
as in the present case, they are horizontal, they are fixed by the part j. Fig. 22S9, which is cast 
with them. The bolts A of the collar differ from those of the other examples in having, in the place 
of the bead, an eye which passes over a tenon of the same form, cast witn tho pump. 

Fig. 228S represents a vertical pomp constructed exactly like the precedmg one with respect 
to the valves and boxes. The vanous parts are marked with the same letters as in Figs. 2288, 
2289. When required to perform the eame functions as Edwards' pump, this one is evidently 
far preferable. 

We have an important remark to make relative to hinged valves ; — Whatever the position of the 
pump, the position of the valves must be such that they may rest naturally and of their own 
weight npon their seat, without any assistance from the pressure developed by the play of the 
plunger. If this be not the case, tho play of the vaJvea, which it is always difficult to keep regnlar, 
will be fiiulty, and tho pressure of the water will seldom be sufficient to force them book into their 
places in time. Bee PuHFS. 

Bimrtmimi of Fttd-Pumps.—'Wb.eD we know exactly the volume of water requisite to nipply an 
engine, the determinatiou of the dimensions of the pump is only a matter of simple calculation : but 
as the power of a pump is not strictly limited to the voltune of water which is absolutely necessary, 
the subject demands some oonsideration. 

Volume. — In most steam-engines, the pnmp-plnnger makes as many strokes as the piston : if 
the oircumstances were the same in all engines, the volomes eugendered b; the piston and the 
pluDger wonld be proportional, and we might tbeuoe determine the proportions of the feed-pump of 
low.prt«8ure engines. But as each engine mayoffer partioolar oonditions, snch as length of admis- 
eJOD and pressure of the steam, it is more rationaJ to endeavour to diaoover the weight or the volume 
"' — •— 'o which each special sot of oonditions oorreeponds. 
nautity of water oonHumed by a steam-engine may vi 
'er an hour, not including that which, in all cases fa 
off by the steam, but which moat be taken into aoconnt when it is required to fix tho work of the 

Eomp. In the presence of variations so aonsiderable as these, it would seem that we should have 
> assign to feed-pumps as many different proportions as there were different oonditions. But it is 

!Li_ '^i^nce the problem to more general terms, by remarking, in the first place, that the 

-_ 1 iL. Qgine are much leas variable when the ateain is not uaed 
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«zpanBirely than when it is so used ; and, in the second place, that in the two cases we may bring 
under two heads engines with and without condensation. 
We may thus la^ it down ; — 

1. That an engine in which the steam is not used ezpansiyely and which has no condenser, 
consumes, as a mean, 10 kilogrammes of water in utilized steam, by the horse-power, an hour. 

2. That, for an engine in which the steam is used expansively and to which there is no con- 
denser, the power of which engine may vary as much as -^ of the nominal power, and the specific 
consumption in steam of which is, on the average, 20 kilogrammes, the pump must be constructed 
for a higher consumption, namely, about 80 kilogiammes. 

8. Tliat, for engines in which the steam is used expansively and to which there is a condenser, 
the power of which engines varies in a similar degree, and the consumption of which varies from 
18 to 9 kilogrammes, the mean being about 15, the pump must be constructed for a consumption ol 
from 22. to 25 kilogrammes, by the horse-power, an nour. 

If now we modify these quantities, on account of the imperfect working of the pump, which 
allows us to reckon upon a r^ production of only 70 per cent, of the volume theoretically engen- 
dered by the plunger, and add to them at first 15 per cent, for the possible quantity of water not 
evaporated, we arrive at the following conclusions ; — 

ifigK^essure Engine9 withoui Expcamon, — ^The piston or plunger of the feed-pump should 

40 X 1 * 15 
engender, as the sum of the single strokes, a volume equal to — ^r^ — = 65*714, or about 

66 cubic decimHree to the horse-power an hour. 

SO X 1'15 
Eigh-preaure Engines vfith £zpaf»tbn.— In this case the volume will equal — ^^ = 49*286, 

or about 49 cubic decimetres to the horse-power an hour. 

Lofo-presaure Engines with Expansion, — For this kind we find as the wMtTimnTn volume to be given 

25 X 1*15 
to the feed-pump — ^— — = 41 '071, or about 41 cubic decimetres to the horse-power an hour. 

These numbers, taken as bases of comparison, enable us to compute the real dimensions of 
the pump, the volume of which is the quotient obtained by dividing by the number of double strokes 
an hour. 

Suppose, for example, that it is reouired to find the volume engendered bv the piston of the 
feed-pump of a low-pressure engine witn expansion, of 25 horse-power and making 80 revolutions 

a minute, the pump being driven directly, we have ^ — ^rr-, = 0*570 = 570 cubic centimetres. 

80 X oO 

The piston of the feed-pump of M. Bourdon's eneine which corresponds to the foregoing data, 
engenders, by each sinele stroke, a volume of 680 cubic centimetres. 

The work of a feed-pump being intermittent, the supply of water while the pump is at work 
must be gpreater than the consumption. The numbers given above are, therefore, only bases, since 
the capacity of a pump may be increased by this single met. Sometimes its dimensions are greatly 
exaggerated in order to be able to obtain from it, in case of need, an excess of work. This is a very 
pernicious method, and it ought never to be adopted. 

Diameter and Length of Stroke. — The diunetor and the length of stroke are only an arithmetical 
deduction from the volume found for a single stroke, and, consequently, have no other interest than 
the variable relation which may exist between them. The pump-plunger is often driven directly, 
and gives the same number of strokes as the piston. In this case the length of stroke must be 
reduced in order that the speed may not exceed a certain limit, beyond which the performance of 
the pump is bad and the resistances considerable. In fine, it may be said that the diameter and 
the length of stroke of a pump-piston depend absolutely npon the arrangement of the mechanism, 
and have no relation that may oe established a priori. We have only to remark that the speea 
of the piston should never exceed 50 centimetres a second^ and the number of pulsations 100 a minute. 
For an engine turning at a higher rate of speed than this, a retarded motion should be given to the 
pump. 

Sections of the Valves and the Suction and Forcing Pipes, — In many cases, and especially in the 
case of engines in which the circumstances are nearly the same, the section of the pump-valves is 
determined proportionallv to the nominal horse-power. It is in this way that we nnd the section 
of the injection-tube of the condenser, by taking as fixed bases the height of suction, the counter- 
pressure, and the greatest specific quantity of water to be injected, for, in this case, the total 
quantitv of water becomes proportional to the nominal power. An analogous method would be 
applicable to the suction-tuTO of the feed-pump if the water were free to enter the pump with all 
the speed due to the vacuum caused bv the suction. But it can enter only in virtue of the space 
alloiml by the plunger, the speed of which is, as we have seen, very restricted ; we must, therefore, 
take this speed as a starting-point, employing as a basis the mean volume of water assigned above 
to the three different kinds of engines respectively. 

It may be admitted that the speed of the water through the suction-tube is, on the average, 
0"'50 a second ; but as the plav of the pump is intermittent, we may put it at a continuous rate 
of 0*" * 25 a second. Applying this method to the three kinds of engines, the volumes of water for 
which have been calculated e^ve, we obtein the following results ; — 

ffigh'pressnre Engines without Expansion, — We have seen that the feed-pump of this kind of 

engine ought to supply 40 kilogrammes, or litres, of wat^ to the horse-power an hour, plus 15 per 

cent, for the water earned off by the steam. The section of the suction-valve of this pump, according 

40 X 1*15 
to this, is equal to the dimensions expressed in square dooimetros, ^-= — ^i^^ = 0^*00511, or 

about i a square centimetre to the nominal horse-power. 
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Bigh-pressure Engines mth Expansion, — Operating in the same way for this aeoond kind, we find 

80 X 1*15 
as the section of the snction-Talve ^-= — ^,^7— = 0' 00383 := 0*383 square centimetre to the horse- 

2*5 X 3600 

power. 

Low-pressure Enaines icith Expansion, — ^We obtain in the same way, 

25 X 1*15 

<rT — S7ij^ = 0- 00319 = 0-319 square centimetre. 

2*5 X 3600 ^ 

These proportions are in accordance with those adopted in practice, though they cannot be 
regarded as invariable rules ; they should be used as a point of comparison, in order to be sure of 
not going below their value, which, on the contrary, may be exceeded without inconvenience, if the 
general proportions of the pump will allow it. 

To give our readers a clear apprehension of the method of applying these proportional bases, we 
will give an example. 

Example. — What ought to be the least section of the suction-valve of the feed-pump, applied to 
a low-pressure engine, with expansion, of 25 horse-power. 

The specific section being 0*319 square centimetre, we find for the power proposed, 

0*319 X 25 = 7*98 square centim<^tres. 

This section corresponds to a circle of about 32 millimetres in diameter, which is the size to be 
given to the suction-tube ; as to the valve itself and its seat, it should have dimensions which give 
an equivalent effective orifice, on taking into account its nature and arrangement. We repeat that 
an advantage will be gained by increasing the dimensions thus found, when the construction will 
allow it. 

It is supposed in the preceding rule that the height of suction is always much less than that 
which would allow the water raised only an initial vSocity, in the ascension pipe, of 50 centimetres 
a second. 

Taking a height of 5 metres as a maximum, the water would have, on this condition, a tendency 
to escape through the orifice of the valve with a velocity always equal to 

V = Vl9*62 X (10»~33 — S") = 10" '21 a second. 

It is customary to give to the forcing valve and pipe the same dimensions as to the suction 
valve and pipe, in which case the water acquires through them the same mean velocity. We have 
only one objection to make to this, namely, the pressure being much greater, and the pipe being 
often of considerable length, the resistance is greatly increased, and thus the chances of rupture 
are multiplied. Consequently, while giving to the forcing-valve the same dimensions as to the 
other, it would be prudent to increase dightly tiie diameter of the pipe, especially if it be long, in 
which case the resistance is augmented. It must not be forgotten, too, that the section of these 
passages is reduced in coarse of time by the deposit of matter brought in by the water, and which 
18 suspended in it, or in a state of calcareous dissolution. 

Of even greater importance is the avoiding of sharp angles, almost doublings, which are some- 
times given to this kind of pipe under the pretext of hiding them in the masonry in which they are 
built. By such faults as these, the section of t^e forcing passage is often so much reduced that the 
slightest accidental obstruction may cause the bursting of the pipe, or of some portion of the pump. 

Self -acting Feed Apparatuses, — Feed-pumps rarely work with sufficient regularity to render it 
unnecessary to watch their performance. With a pump of small dimensions, without a reservoir of 
air, and moving at a considerable spee4, it will often happen that the valves either get out of their 
seats or close imperfectly, this latter circumstance arising from the interposition of pieces of gravel 
brought in by the water. Often, when the pump has been stationary for a considerable time, it 
will not work till the clack-boxes have been filled with water. 

This uncertainty in the working of pumps, added to the difficulty of making their production 
correspond with the evaporization, which may be increased without accelerating the speed of the 
engine and the pump, has led engineers to seek methods of regulating the supply of water by the 
level of the water in the boiler. One method of effecting this offers itself almost naturally to the 
mind. 

Suppose, in communication with the boiler, a tube of sufficient height to put the water it con- 
tains in equilibrio with the pressure of the steam. If this column of water be in communication 
with a reservoir by means of a floating valve, it is clear that this column, having a tendency to 
sink with the level of the water in the boiler, will supply at its base the volume necessary to main- 
tain it while receiving an equal quantity from the reservoir above. Here, then, we have an appa- 
ratus that would evidently work well in theory. 

But this tube must have in height as many times 10*33 metres, minus one, as the steam has 
atmospheres ; consequently, even for a fixed high-pressure engine, the method is almost impractio- 
able. It has been employed, however, but only when the pressure has been slightly above that of 
the atmosphere; in this case the column of water may be of a somewhat limited height. We will 
give an instance of one of these, before we attempt to discuss some of the inventions for high- 
pressure engines. 

Fig. 2291 represents the apparatus applied to a boiler ; it is the same as that applied to most 
low-pressure engines on Watt's system, and is composed of a column A, of about 3 metres in height, 
fixea to the boiler B with which it is in free communication by the tube C. The water in it, con- 
sequently, rises to a height corresponding to the excess of the pressure of the steam above that of 
the atmosphere. 

The pressure in these boilers being at 1 * 2 atmosphere, or about ■{- above the surrounding 
atmosphere, it follows that the column of water will stand at a height of about 2 metres above the 
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lovel fo the boiler, or about the fifth of a column of water in eqnilibrio with a premire of one 

atmosphere. 

ThU column ii terminated in its oppeT portion b; a otEtem D, the bottom of which is formed 
of a piece E, shaped like a reversed fWnel, the use of whioh wo will explain farther on. This 
bottom is pierced with a amall aperture provided with a eonical * 

valve or plug F, mapended by a rod a to a tever O resting on the ^"l' 

ride of the cietem * one of the snds of this lever is attached to s . 
rigid rod b entering the boiler through a tube B which plunges 
freely into the water ; this supporta a float I of a circular shape 
on account of the tube H, and of a density greater thaa that of 
the water. The other end of the lever G supports a countei^ ' 
poise c, to balanoe the float. It must be remarked that the 
tube H, in which the water of the boiler rises to the same 
height as in the principal oolnmn, has no other use than to 
lender a stnfflng-box for the passage of the lod b imneceaBuy. 

When the water-level'in the bailer is at its noiinal pointer 
above, the float I will not desoend, and the valve F being held in 
itH seat, the water in the cistern D cannot get into the column A. 
If the level sinks, on the oontrary, the float follows it and lifts 
from its seat the valve F which allows the water in the cistern 
to escape. This water being added to that of the oolamn which 
is in eqnilibrio with the pressure, and the height of which can 
vary only with the pruasure, it foUows that a quantity of water 
equal to that escaping from the cistern enters the boUer and 
raises the level to its normal point. The height being restored, 
the float ascends and closes the valve F. 

This apparatus may be conneotod with the tegister of the 
chimney in the following manner. A float J upon the column of 
water, is attached to the chain d which passes through the orifice 
n the piece E, and is fixed at the other end to the register. The 



column in the tube A varying in height with the pretanre in the 
• ' "ytlie -" 

used to lift the water to the apparatus described above. It di^rs 



boiler, the n^iistar will be opened 
of the float J. 

Fig. 2292 is the pump belonging t 



closed by 
the same engine, and is 




bom other feed-pumps in being lifting instead of foreing. 

This pump has only a small foroe to overcome, imce lie 
piston supports only the weight of a ooluion of water eqnal to 
the vertical distance from the pump to the feed-head, a distanoe 
of about 5 metres, or i atmosphere instead of 5 and upwards, 
which the foroe-pomps of high-pressure engines have to over- 

liie body of the pomp A Is open at its lower extremltj. It 
to bolted to the box B in which are the clack-valves D and D'. 
The Euction-vEdve D is placed over a pipe C in communication 
with the tank receiviug the hot water ttom the oondenMr. The 
box of the second valve D' conununicates by a tubnlei pa>- 
M^e E with the pipe leading to the feed-head. 

This kind of pump is now little used, because the water 
is eent directly into the boiler, and tea this purpose a forcing- 
pump is better adapted. 

ApparatiH for High-jiretBtre Engintt. — We have shown 
above the prinoiple of self-acting apparatus, and we have 
Been that it mav be easily realized when the preasitre in the f 
boiler exceeds out little that of the atmosphere. But for | 
higher pressures other means have been resorted to, tlie 
simplest of which we will explain. It to right to add that 
these various arrangements have been attempted more eepa- 
oially in the caao of boilers that are not derigtied to furnish 
■team to an engine, as in this latter case a pump may be used, 
and unless the method ot the pump ooqld be improved opon, 
Uiere was no ncc(«sitj for tesiMtiiig to other means. 

There is also apparatne working in coniunctian with the 

Sump, and designed to regulate the quantity of water intro- 
nced, by the level of the water iu the boiUr. 

Fetding-waeJ. — Thto very simple apparatus works without 
B pump and under all pressures ; it is employed fbr boilers 
used for heating poTpOMs, <a for any purpose where steam is 
required without an engine. 

It consists in principle, as may be seen &om Fig. 2293, in 
placing above the boiler a veesel A containing a certain 
volume of water, which vessel may be put in oonmunioatioD 
with the boiler B, by two pipes C and D, one entering above < 
the surface of the water in the vessel A, and the other below. 

The first pipe C goes from the steam-ohamber to the upper portion of the leoeptoole A ; the 
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■Doond D goet &om the lower portion nf the same vm»el to near ths level, and in some e&aoi below 
the level of the water in the boiler. These two pipes are provided with cocks a and 6 • when it ia 

;.™t .„ :„,_j .„. ;_.„ <i,. u.:i„. .... i,_^ ___._ _ jg oponod, and the Bteam enterinp the 

ok i ifl now opened, and both Burfacei 
sel into the boiler in virtue 

H flowed into the boiler, the 

cooks are dosed nud the feeding soBpanded. 

It will be remarked tbat thia operation reqnirei the intelligent care of a man. Bat it mar be 
made Belf-actiug b; meant of a coutriTanoe based upon the principle of Ocating Talvea, whicn ia 
Bometimea done. 

The lower end of the pipe D may be above or below the level of tbe water in the boiler ; it ia, 
however, preferable to place it below to avoid the boiling canaod by the steam which wouia 
endeavonr to foree itself into the pipe if it opened into the spaoo oooopied by the steam. But in 
this case the oocfca miwt be carefully managed; for if the cock 6 were opened before the preaanre 
had fully eiertod itself in the vessel A, the water &oin the boiler would rush up into it, instead of 
the oppoaite effoct being prodaced. 

Wehav ..,...,.. 

the foUowi 

A pipe provided with a oook puts it in oommnnieation with the reservoir; then a jet of steam 
Is let into the vessel, which steam, by flirt expelling the air, and then being itself oondensed, 
causes a vacuum which the water in the reservoir will rush up to fill. Of courwv thin m>rfi»wi ia 
practicable only when the veasel is sot dtnated at too great a height above the 




Segulator miriing in eonjimdim tuilh a Pump. — The apparatus represented in Fig. 2294 has also 
been empl^ed to regulate the introduction li the feed-water suitplied by a pump working conti- 
nuously. It consists of a cylindrical box A of cast iron or of bronzo, placed upon the boiler B 
with which it communicates bv the valve a, the rod of which is connected with a float C fiied to 
one end of the lever c. This box is closed at the top by a tabular cover e, the inoer orifice of 
which is provided with a valve b, upon the some rod as the voire o, but turned in the opposite 
direction, so that one closes when the other opens. 

lite box A is in free oommnnieation with the feed-pump from which the water enters by the 
tubular passage d, situated between the two valve*. The pipe « takes tbe water back to the 



When the valve a rests upon its seat, the other will be withdrawn, and the box a will be in 
oommnnieation with the pipe e. In this position, the water which is constantly supplied by the 
pnmp will not enter the boiler, but, passing through the valve b, will pass back to tlie reservoir 
thtoneh the pipe <. I^ on the contra^, the valves are in the oppcaite position, the water will Sow 
only through the valve a, and will thus reach the boiler. 

If we oould rely upon the regular working of the float, such an apparatus would be perfect. 
But any derangement of its mechanism, capable of hindering wholly or in part the play of tbe 
valves, is of serious consequences, since the several parts are out of sight, and to ranedy the fault 
it is necessary to stop the boiler and to allow it to beoome sufllciently cool. 

J/i-jginhotAam and Gratft Apparatat. — This apparatus is founded upon the principle of the con- 
trivance called a cataract, which, as is well known, utilizes a oonstant flow of water to produce 
intermittent actions by a oock or a valve. 

It consists of a box A, Fig. 2295, placed on the top of a piece with two pipes B and which 
descend into tbe boiler. The pipe B desoends nou'ly to the bottom of tbe boUer, and communi- 
cates with a separate compartment D, inside the box A. The communication may, however, be 
intercepted l^ a clack-valve a closing from the fbrce of an upwatd pressure. The other pipe 
opens into the space ooonpied by the oteam, and osceoda by a oontintution 0' in the bos A, or 
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nither in tha interior nf the eompnrlmetit D, vith which it oommnnicatea at the top vhan the 

other tbIvb b, which ojionB dowowardfl, is lowered. 

Before eiplBiinirtg the action of the catamct, the work of which is to close Ol 
TsWe, let na eea more in detail the ftrraneemonta whioh eno*-'- " '~ ' ' — 

The hoi A ia filled with water which nmy pass in 
put into the compartment D, bj raising a third vftlvo c, 
■hown in the figure by dotted lines. 

Buppoee thia valve cloeed, the valve h open, and the 
oompartijicnt D partly filled with wster. The Bleam 
introdnood through Uie paaaage C will enter the com- ( 
partment D, and electing its pressure upon the water 
therein contained, the same effect will be prodnced as 
that explained above in reference to the feed-bottle; 
both Borfacei being equally pressed, the water will flow 
into the boiler by opening the valve a. 

If now the valve b be brought down upon its seat, 
the steam which occupied the upper portion of the com- 
partment D, being ont off from its source, will be con- 
denacd, leaving a vacuum, the double effect of whioh 
is to close the valve a by the predominant pressure in 
the boiler, and to open the bottom valve c by the action 
of the atmosphere which presses constantly upon the 
water in the receptacle A. A portion of the water con- 
tained bj the receptacle A will therefore pass into the 
Dompartmeut D. 

To complete the description of this Ingenious con- 
trivance, it remains only to explain the method by 
which the valve i>, the prime mover of the whole system, 
Is opened and olceed at the proper times. 

This valve h is connected with the balance !B, having 
its point of oscillation above the compartment D. One 
end of the balance is provided with a weight. F, and the 
lar in section, and capable of outweighing, according to it ^ 
H leadiog from a reservoir pours its water into the Dox O. The pipe ni 
the arm of a float J, which rises and sinks with the level of the water in the receptacle A. 

If we take the mechanism in the situation in which it is represented by the figure, the water 
flows into the vessel O, which is now outweighed by the weight F, a state of things that keeps the 
valve b closed. But the flow through the pipe U continuing, the vessel O is soon suflicienlly 
filled to overoome by its weight the counterpoise F and the pressure of the steam against the 
valve b. It therefore sinks, carrying with it the lever E, and giving rise to several simultaneous 
actions, which, for the sake of perspicuity, we will indicate separately. 

1. The valve b Is removed from its seat, to allow a passage of water into the boiler, under oon- 
ditions described above. 

2. The vessel G strikes against the edge of the receptacle A, and pours into it the water which 
it ooDtained. 

' 8. The water thus received into the receptacle raises the level, and with it. of course, the float 
J, which, in its tnm, closes the cock I and stops the flow of water through the pipe H. 

1. The vessel G being empty is outweighed by the counterpoise F; the lever E ascsends; the 
valve i is brought up to its seat, and the work of ^ding the boiler is suspended. 

Piom what has already been said, it will be seen that the closing of the valve b causes the 
water to pass from the receptacle A into the oompartment D. The level in A being thus reduced, 
the float J sinks, the water again flows through the pipe H, and the same actions are repeated. 

With reapect to the length of the inlervaU between these various occurrences, we see that tha 
time during which the valve 6 is open is fixed, since it can last only while the vessel Q is pouring 
out its contents. Consequently, the introduction of water into the boiler is efTeeted in eqnal quan- 
tities. And the interval between each of such introductions most evidently depeod upon the time 
required to fill the vessel O. Thus the total quantity of water furnished toa; M varied by means 
of a cock or other contrivance upon the pipe H. 

It is important to remark, that if the level of the water in the boiler rises above its normal 
point, on account of a slower production of steeuu, or by an excess of supply, the introduction of a 
fresh supply will cease as Boon as the level has reached the lower end of the pipe C. 

It is evident that in this situation, the steam being unable to reach the top of tlie compartment 
D, no flow of water can take place between it and the boiler ; but the play of the vessel 6 still 
continuing, the water thus supplied to the receptacle A flows off through a pipe d provided for 
this purpose. 

This apparatus Is suited to all pressures ; but it does not seem cupablo of utilixing feed-water 
of a high temperature relatively to that of the stGnm, the condensation of which, in Uie compart- 
ment D, should, in the matter of rapidity, be in a direct ratio with the play of the vessel O, to allow 
the proper introdnotioD of Uie outer water into this compartment D. 

Self-actiitg Fttd Stgulalor. — This invention is a very ingenious one and likely to produce safe 

Fig. 229G represents one of the many arrangements of whioh this apparatus is susceptible. 

The inventor oharooterizes the principle as "a volume of water in a changed medium;" that is, 
taken Oom the surrounding atmosphere and Introduced into a new medium in which the inner 
pressors of Uie boUer prevuls, a medium &om whioh the water ma; beeljr flow into the boiler as 
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thftt theiein contained b«oamei ezhatuted ; the fluctuatioiiB of the level in the boilei thus being 
the motive and ngnlating eanse of the Bnpply. 

Ab Bhown by the flf^ure, the instrument conaiBts of > hronM oase B, fixed on the oataidc of the 
boiler, in which case moves a ejliodrical piece A passing thioagh it. This piece, whioh forms a 
Mad of register, is the meamrer or moving receivor of 

the appaiatufl ; it is subjected to a rectilineal, recipro- ^'"■ 

eating motion, like a pii^ton or a valve the fnncUonu of 
vhich it discharges Bimultaneouslj. 

On each side of the central aperture in ivhich the 
register worlis there are two chamielB D and E opening 
into it. D oommunicates with a pipe Q leeding to the 
teservoil of feed-water which is placed a little aboveg 
the apparatus; E oommunicates with a tube H ppen- 
{□g directly into the boiler, at IKe >ieight at tcliich t/ie 
Itwl iitobe maintained. 

A'third channel F oommnnicates with a pipe I 
which opens into ths boiler at a certain distance lielow 
the normal level. 

The piston-valve A is provided with a cavity O 
pierced with three orifices a, b, and c The orifice a is J 
on ttie SBtne side as the pipe D from the reservoir; b h 
and c are on the opposite side and at a distance apart : 
equal to that of the orifices of the channels E and P, I 
wtlh which they must correspond when the piston is : 
in the lower position, whilst in the opposite poeitinn ': 
the orifice a coincides with the month of the ehuinel D. : 

The reciprocating motion irf tbe piston produces the : 
following effects. : 

The water from the reservoir, flowing continaousljr : 
tbrongh the channel D, fills every part of the appa- ' 

mtoa, inclndins the pipes H and I, and taking as an example tbe position represented in Uie 
figure, that is, the piston A at the end of the stroke, the wat^ contained in the apparatus is in 
firae relation with the boiler tbe pceesnre of which it sapports, whilst its oonunnnicalion with the 
leaorvoir is cut off by the orifice a sinking below that of the channel D. In this position, water 
may flow into the tioiler, bnt only on the condition that lAe feccf in theboilerii below t/it aumth of lie 
pipe H; otherwise no drop of water can pass from the apparatus. 

If the mouths of the pipee H, I, are covered by the water in the boiler, which trsnsmits the 
pressure of the steam, the water contained in the apparatoa is in the same condition as mercury in 
a barometrical tube which is too short to be in equilfbrio with the pressure of the atmosphere ; the 
tube wonld in this case be completely filled with meretuy, which, ineteed of flowing onl, would be 
driven up to the top of the tube. 

But when the level sinks sufflciently to micover the month of the pipe H, the steam dividing 
the liquid colnmn ma; reach the top of it, and exerting its pressure above the mass contained in 
C, the water will be in a mediua of equal pressure, and will flow through the pipe I under tbe 
influence of its initial height, from 6 to E. 

It foUows from this arrangement, that tbe apparatrts, though ooustantly in commnnication with 
the resarvoir, vrill Dot allow any watei to enter the boiler till the level sinks below its normal 
point ; bnt when this is the case each stroke of the piston may send into the boiler all the water 
contained in the apparatus, a quantity that is replaced by the reservoir when tbe piston reaches 
the other end of the stroke and brought the orifice a opposite that of tbe channel D. 

Hero, then, we have an inBenions instrument capable of self-action, certainly infallible, and 
requiring no valves or cocks of any kind, Witboat slopping its action for a moment, no atom of 
water can pass into the boiler while the level is at its normal point, bnt as soon as the level siukp 
in tlie smallGSt decree below this point, a fresh supply brings it back to its former position. 

In applying this apparatus to a lioiler, it is desirable to place the injection-pipe in that part of 
the boiler where the water is least agitated, which, in tlia ease of fiied engines, will be the part 
farthest from the fumnce. In the case of locomotives or steam-vessels, Ihepipee H and I may be 
made to communicate with a receptacle placed on the outside of the boiler and fonning a kind of 
water-level, tbe transverse section of which, being small, would render leas sensible the accidental 
oscillations of the general level. These are detnils of practice that may be easily contrived. 

As to the details of the model represented by the figure, the; require only a passing notice, 
as tbe apparatus is merely one of pnnciple. and far from being a definitively chosen arrange- 

The piston A, thongh turned very exactly to fit the aperture in which it works. Is provided on 
each side of its orifices with an elastic band or washer d lo prevent any escape. The reciprocating 
motion may be communicated to it in several ways. But as the passage of the water from the 
reservoir Into the apparatus, or from the apparatus into the boiler, takes place at tbe ends of the 
stroke, the pieton sbaald rest a moment in that position. This might easily be effected. 

The parts marked J in the figure are those by which the apparatus is died to the boiler. 

Section of t/ie Injtclion-Tabe for CnTvknsrra.—V/e have based our caloulations of the Section of the 
injector and the air-pump of cnndonBcra upon the following Table. 

This Table shows, as we might, indeed, have foreseen, that the quantity of water to be injected 
Ite the purposaof effecting condensation in the same final conditions tfacnuKias tbe initial pressure 
increase* and as tbe expansion is prolonf^ed. The proportional weight of eold water to that of 
steam expended increases, however, with the pressure, and, na the last column of the Table shows, 
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26 times its own weight of cold water is needed to condense steam at 1 atmosphere, a proportion 
that heoomes 27 for 7 atmospheres. 

Tabls of thb QuAimnEs of Cold Watkb bbquisttb fob Condensation, this Water beino 

TAKEN AT 12°; THE OONDENSINO WaTEB RAISED TO 35°; AND THE RATIO OF THE USEFUL TO 
THE THEORETICAL WORK OF THE StEAH BEING 50 FEB 100. 



PtMBUre 


Weight of Cold Water to be ii^ected to the borae-power an hour, in kilognunmea. 


Ratio of the 

weight of the 

Water ii^ected to 

that of the Con* 

denaed Steam. 


in 

atmo- 

•pboreBi 


Fnll 
preuure. 


Admiadon 


Admission 

i 


Admission 


Admission 

i 


Admiadon 

i 


Admission 


Admission 


1 
2 
8 
4 
6 
6 
7 


895 
812 
764 
749 
737 
724 
713 


539 
487 
459 
446 
438 
431 
421 


447 
894 
374 
861 
855 
847 
343 


405 
352 
332 
321 
814 
807 
302 


382 
325 
305 
294 
287 
283 
278 


SG9 
809 
289 
275 
269 
264 
259 


353 
288 
265 
254 
247 
242 
238 


350 
275 
252 
240 
231 
226 
223 


26-18 
26-45 
26-52 
26-76 
26-90 
26-92 
27-00 



To show the nse of the above Table, let ns consider the following question. What quantity of 
cold water is required for purposes of condensation in a fixed engine of 80 nominal horse -power, 
the pressure being 5 atmospheres and the degree of expansion 6 to 1 ? 

The Table g^ives, for these conditions, 2^ kilog;rammes to the horse-power an hour ; which 

makes for 30 horse-power, 269 x 30 = 8070 kilogrammes or litres an hour. 

8070 
Thus we hsYe to the aeoond ^^^r;: = 2*241 litres. 

And for a day of 12 hours, 8070 x 12 = 96840 = 96*840 cubic m^trea 

This Yolume of water is considerable, and shows the necessity of considering the capabilities 
of a place in this respect before having recourse to a condensing engine. 

The water is inieoted into the condenser through the moutli of a pipe which plunges directly 
into the tank, or which simply communicates with a reservoir fixed at the same height as the 
condenser. 

Though theve is no reason why an excess of section should not be given to this pipe as well as 
to the ajutage at the end, and the supply be regulated by a cock, it is none the less profitable and 
interestmg to consider the minimum of this section. 

When the pipe plunges directly into the tank, the velocity with which the water will be injected 
into the condenser will depend on the difference of the pressure of the atmosphere and the sum of 
the counter-pressure add^ to the height of the suction. When the water has been previously 
raised to the height of the condenser, the initial pressure is that of the atmosphere diminished by 
the countor-pressure. 

In the former of these two conditions, the height at which injection would be impossible may 
be easily foreseen; it is the same as for an ordinary pump. Not only' must this limit never be 
reached, but at a height which would render the work of suction doubtful the water must be raised 
by means of an auxiliary pump. 

To deduce the minimum section of the iojection-pipe, let us assume 5 metres to be the maximum 
height of suction and ^ atmosphere the extreme of the counter-pressure. 

^ The velocity with which the water will be injected into the condenser, under these conditions, 
will be (see Annengaud's Treatise on Hydraulic Motors), 

= Vl9-62 x(10-333 — 5'" — 2-667) = 7"" 23 a second. 

The greatest quantity given in the preceding Table is 895 litres to the horse-power an hour, say, 

900 
in round numbers 900, which gives to the horse-power a second ^^^rr = 0-250 cubic decimHro, 

or 250 centimetres. Dividing this cube by the above velocity, expressed in centimt^tres, we have 

250 
for the section sought =^ ±= 0*845 square centimetre to the horse-power. Thus for an engine of 

723 

20 horse-power, the minimum theoretical section of the injection-pipe, for the given height, will be 
0*345 X 20 = 6*9, say 7 square centimetres. But to retain the necessary latitude, and to com- 
pensate the loss occasioned by friction and by the contraction of the terminal ajutage, the section 
of this pipe, supposed straight and of the same size throughout, should be, at least, doubled ; the 
preceding example would, therefore, give 14 square centimetres, corresponding to a diameter of 
42 or 48 millimetres. 

Having taken as a basis the greatest quantity of water to be injected to the unit of power, the 
extreme coonter-pressure and the height of suction beyond which it becomes necessary to raise the 
water by means of an auxiliary pump, it seems that we may admit, as a rule applicable to every 



l^at the ieetiott of iht injection-pipe should be practioaUy fixeCL at 07 square ceniimHre^ or 70 square 
nUttimitres to the aduai korse-poiioer, taking as a basis ike greatest useful power wAicA the engine is capable 
of developing. 

These (umensions are adopted by many engineers of the present day. 

JHmensions of the Air-Fump, — ^The considerations conoemmg the iigection-pipe of the condenser, 

4 F 2 
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and the Table on which those considerations were based, enable ns to determine the dimensions of 
the air-pump ; and in our following remarks the references must be understood to be to that 
Table. 

The function of the air-pump, as is well known, is to withdraw continually from the condenser 
not only the water injected with that arising from the condensing of the steftm, but also the air 
which is CTolved from it. This latter element is the most difficult to determine ; but as the power 
practically giren to the pump exceeds by much the result found by approximation, we may content 
ourselves with a rough estimate. 

It is known that water, at the usual temperature and pressure of the atmosphere, absorbs about 
^ of its Yolume of air or gases in the condenser, in which we will supnose the pressure to be 
^ of the atmosphere, and the temperature from 35 to 38 degrees. The aisengaged air expands 
under the double influence of the diminution of pressure and the increase of its temperature, which 
would then be 23 degrees, rising from 12 to 35. 

Proceeding upon this hypothesis by means of the formula for the expansion of gases, we find 
that the yolume of air to be extracted by the pump is equal to about -A of that of the water. But 
if we take into account the yolume of steam mixed with the air and of an equal volume, we must 
consider the total volume of gases to be extracted as approximatively equal to fg of that of the water 
injected. 

Denoting by P' the weight of the water injected, and by P that of the corresponding quantity 

of steam to be condensed, the total quantity of water which the pump will have to extract, at eacn 

F 28 
single stroke of the steam-piston, is P' -h P) consequently 1^ + 97 = h;^ 1^« As with water, the 

density of which is taken as unity, we may take the weight for the volume, that is substitute here 
y for P', we may say, taking into account that of the air above, that the total volume to be 

(28 16\ 
97 + ia) V = 2*64V. 

Thus, admitting this theoretical number, when we have to inject into the condenser in a given 
time 300 kilogrammes or litres of water, the air-pump should engender, as a minimum, in the same 
time a volume of 792 litres. 

If now we wish to determine the proportion between this volume and that engendered by the 
driving piston, we see at once that it is essentially variable, since we have taken as a basis the 
actual volume of steam expended, which changes relatively to that of the cylinder, according to 
the degree of expansion employed. To determine the principal limits of this proportion, we will 
take those which in the Table indicate the weights or volumes of the condensing water for 1 
atmosphere with full pressure, or no expansion, and for 7 atmospheres with admission ^, 

For the former of these two conditions giving 895 litres of condensing water, the preceding 
rule gives, as the volume of the air-pump, 2 '64 x 895 = 2363 litres nearly. 

But for these conditions, Armengaud has shown that the driving piston should engender 

2363 
58066 litres ; the ratio of these two volumes is, therefore, ■.-^-, = *04. That is, the theoretical 

yolume of the air-pump would be only ^ of that of the cylinder. 

Passing on to the second case, admission ^, pressure 7 atoiospheres, which corresponds to 

223 litres of injected water, and to 23626 for the volume of the cylinder, thai of the pump would 

589 
be 2-64 X 223 = 589 litres; and its ratio to that of the cylinder ;r^ = 0*025. 

23626 

In this latter case, the volume engendered by the air-pump will be only ^ of that of the 
cylinder ; and if we had chosen an example with a small pressure and a great expansion, the 
result would have been smaller still. 

It follows from the preceding that the air-pump, like the condenser, should be proportionate, 
not relatively to the absolute volume engendered by the whole stroke of the steam-piston, but by 
taking as a basis the volume of steam expended at full pressure. It now remains to see what 
correction should be made in the preceding theoretical proportion. 

Hitherto we have admitted a vacuum in which the pressure was at least ^ of the atmosphere ; 

but if -^ be reached, a result which some have endeavoured to bring about, the gases to be 

32 
abstracted will acquire a double volume, say — : V, which, added to that of the water, gives for 



^ , _^ ^^ 

(28 32\ 
o«+i^)V = 4V nearly. 



If, as Watt did, we double this product, to provide for the imperfect working of the pump, and 
for the possible increased power required of the engine and obtained by a lengthened admission 
or an augmented initial pressure, we shall have the following simple rule ; — 

The useful and effective voiume engendered by the air-pump ehould be equal to 8 times that of the cold 
UHxter injected. 

This rule may be taken as a safe guide, but it must not be regarded as resolving the problem 
in an absolute manner, for an engine is never constructed to develop always the same power, with 
the same degree of expansion and the same initial tension ; and the yolume of the pump, which is 
invariable, should be determined by the mean power which the engine is capable of producing. 

To compare the results of this rule with the usual data, we will consider two examples. 

First Example. — To find the volume of the air-pump for an engine working without expansion 
with steam at 2 atmospheres, the ratio of the useful to the theoretical effect being -A^, 

In this case, Armengaud gives 27*541 cubic metres as the volume engenderea oy the steam- 
piston to the horse-power an hour. 

The Table gives as the quantity of water to be injected 812 kilogrammes. 



DETAILS OP ENGINIS. 1173 

The effective Yolume, to the horse-power an hour, of the air-pump will, therefore, be acoordlDg 

to the proposed rale, 112 x 8 = 6496 litres or cubic decimMres. 

6496 1 
Comparing this volume with that of the cylinder, we find o=^^ = 577 • 

27551 3*1 

This pump will thus haye very large dimensions comparatively to the cylinder , for if it is of a 
single stroke, its volume a stroke will be about |. This excess is explained by the fact that the 
rule iB established for a much more complete vacuum than was obtained in old condensing engines 
without expansion. 

Second Example, — Solve the same problem for an engine working with -^ expansion and 4 
atmospheres. 

The specific volume of the cylinder is, according to the same authority, 42*789 cubic metres. 

The quantity of water to be injected is 240 kilogrammes or litres ; the volume engendered by 
the pump-piston equals 240 x 8 = 1920 cubic decimetres. 

Batio of the two volumes = 

This time the pump would be much less powerful than that usually made. But an engine, 
the nominal power of which is regulated by the exceptional admission of ^, ought to give in a case 
of need the double of this power, by increasing the length of admission to -^ of the stroke of the 
piston. 

Consequently, this ratio would by this only be reduced to one-half, since the quantity of steam 

expended, and as a consequence that of the water injected, is doubled. But for \ admission and 

4 atmospheres, the quantity of water to be injected is, according to the Table, 294 litres, whence 

the volume to be practically adopted for the pump becomes 294 x 8 x 2 = 4704 cubic decimetres. 

4704 1 
And its ratio to that of the cylinder assumes this last value, ^ ■ ■ = - nearly. 

42/89 9 

We haye nothing to add to these examples, which show clearly how the rule we have laid 
down is to be used — a rule that is at once conformable to the proper working of the pump and the 
exigencies of practice. 

iHmenswM of Steam-Ports, — Indudum and Eduction Pipes. — Section of the Orifices of Induction and 
Eduction. — ^The dimensions of the pipes and orifices traversed by the steam in passing from the 
boiler to the cylinder, and of those tiirough which it escapes into the atmosphere or into a con- 
denser, is a matter which has not always been sufficiently considered, and which, even at the 
present day, when the constraction of steam-engines is pretty well understood, is somewhat 
ne^ected by builders. 

This question, considered on purely theoretical grounds, would be an extremely complicated 
one; but we are now in possession of practi<»J results which enable us to solve it in a very simple 
way and with a high degree of certainty. We shall, therefore, confine ourselves to a general 
examination of the facts which accompany the circulation of the steam when on its way to the 
cylinder, or when escaping from it, and to a simple exposition of the principles by the aid of • 
which we are enabled to determine the proper dimensions of the passages through which it flows. 

Communication between the boiler sjid the cylinder is provided by means of a pipe, circular in 
form, leading from a cook on the boiler to the steam-chest, through which the steam is allowed to 
flow in regular quantities by means of certain valves. 

If we suppose, for a moment, that these several regulators offer a passage to the steam, and have 
all an aperture equal in section to that of the pipe, the steam will flow into the cylinder with a 
velocity easily calculated. If there be no sharp angles, this velocity will be constant throughout 
the distance, and if the pressure in the boiler be considerably greater than that in the cylmder, 
it may reach seyeral hundred metres a second. 

To enable us, however, to form an idea more in accordance with fact, we must remark that at 
the moment when the steam begins to flow into the cylinder, the piston, which is at the beginning 
of its course, is set in motion with a velocity immeasurably less than the initial velocity of the 
steam. Consequently, the space left vacant above it is soon saturated, and an equality of pressure 
with the boUer being theoretically established, the flow of the steam can take place only with the 
advance of the piston, with a velocity, in the steam-pipe, in inverse ratio with its section and that 
of the cylinder. 

Suppose, for example, that the piston moves with a mean velocity of 1 m^tre a second, and 
that its superficies is twenty times that of the steam-pipe, the steam will flow through the latter 
with a velocity of only 20 metres a second, instead of from 300 to 500 metres and more ; it will 
acquire from 1*5 to 5 atmospheres, l>y flowing in a medium the pressure of which was constantly 
1 atmosphere. In a non-condensing engine, we may consider as such the medium in which the 
steam flows, for the piston is nothing but a diaphragm interposed between it and the surrounding 
atmosphere. 

It follows fh)m this that, if the circuit of the steam were of very small extent, and without 
sharp angles or other impediments, a pipe having a very small section would be sufficient, since 
the steam is required to move through it with a velocity very much less than it is capable of 
ooquiring in these conditions. 

Let us suppose, for example, the lowest pressure of 1*5 atmosphere, no condensation, and, for 
the piston, the high velocity of 3 metres a second. The velocity of the flow of the steam into the 
atmosphere, under this pressure of 1*5 atmosphere, is equal to 343 metres. Consequently, the 
section of a steam-pipe, perfectly uninterrupted and very short, might be reduced, as a minimum, 

3 1 

to the following fraction, ^j^ =Tm. ^^ ^^^ surface of the piston, below which value the space 

would no longer be saturated. The conditions assumed here as an example certainly correspond to 
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those which Allow the fiteftm the least practical velocity, for this presfinre is never employed, 
especially in non-condensing engines, and still less in engines whose pistons attain the velocity oi 
3 metres a second, a speed that is hardly to he met with in locomotives. Consequently, the pro- 
portion r:rr ™^7 ^ retained for the purpose of comparing it with that taught by practice. 
114 

Instead of short pipes and perfectly regular sections, we have, on the contrary, pipes sometimes 
very long, furnished with cocks capable of narrowing their section ; the slide-valve, instead of 
uncovering the steam-ports at once, uncover them progressively, and in certain cases incompletely , 
the pipes are often crooked and the whole of the passages are liable to be cooled by exposure, 
and so on. 

It is easy to see in what proportions these causes of irregularity influence the velocity of the 
steam, and that it would be impossible to limit the passage to the proportions supposed above. 

On account of these numerous effects, more easily described than calculated, constructors have 
increased the section of the steam-pipe and of the steam-ports ; these latter, however, depend in 
some degree upon the system employed. But the section of these various passages is limited, for 
the larger the pipes, the more considerable are the lost spaces, and the volumes of circulating 
steam exposed in proportion to their magnitude to the cooling influence of the atmosphere. 

These observations do not apply to the eduction-pipes which may have throughout their length 
as large a section as possible, if a portion does not serve alternately for the ingress and egress of 
the steam. This is one of the reasons which have led builders to adopt special eduction-pipes. 

It is of special importance to give a sufficient diameter to the eduction-pipe of a non-condensing 
engine, especially when this pipe ascends to a great height ; for the velocity of a gas will be 
greatly retarded when the ratio between the diameter and the length is very considerable, and 
this occasions a resisting pressure at the beginning of the passage. It is certain that a fault of 
this kind may completely derange the performance of an engine, in other respects in perfect oider. 
To avoid this error, especially in the case of small engines, it will be necessary to calculate 
specially the ratio to be established between the diameter and the length of the outer eduction- 
pipe, so as to reduce this oounUr-pressure to a degree that is not hurtfuL 

To reduce to fig^ures the foregoing facts upon which we have been reasoning, we have drawn up 
the following Table, indicating the proportions adopted in several kinds of engines, by bmlders, for 
the induction and eduction pipes and orifices. These engines are characterized in the present 
Tal)le by their nominal horse-power, the initial pressure of the steam, the degree of expansion, and 
the diameter and surface of me piston. Several have two cylinders ; but the dimensions given 
refer invariably to one only. 

Examination of the succeeding Table, — The first thing that strikes the attention on examining 
this Table is the want of agreement among the results found, even if we separate each kind of 
engine, which shows that all builders are not agreed as to the proportions to be adopted between 
the surface of the piston and that of the steam ports and pipes ; or that a certain degree of varia- 
tion is possible without injuriously affecting the working of engines ; for all those given in the 
Table are of recent construction, and work satisfactorily. 

Another remarkable fact is that M. Fargot's engines have the smallest passages, and these 
engines are known to be very carefully constructed, and to reach the highest oegree of utilization 
of fuel. But it must be remembered that they are regulated for a very considerable degree of 
expansion. 

If, however, we examine this series of fixed engines, the mean speed of the pistons of which is 
about 1 m^tre a second, which engines are all expansive and of a pressure varying from 2*5 to 5 
atmospheres, we shall see generally ; — 

1. The section of the steam-pipe varies between -Xg and -Xf of the superficies of the piston, 
without the variation being justified by the special conditions of the engine. 

2. The section of the steam-ports, which might be greater than that of the steam-pipe, through 
which the flow is continuous, exceeds it only by a very little. 

3. The exhaust-pipe, between the exhaust-port, the cylinder and the condenser, or the atmo- 
sphere, is of a larger section, varying from V& to -^ of the superficies of the piston, the largest 
section -^ corresponding to the escape into the atmosphere. 

4. The section of the exhaust-port is equal to that of the pipe ; nothing hinders it, however, 
from possessing very large proportions, except the increase in tne surface of the slide-valve. 

Passing on to the locomotives, the pistons of which move at a speed nearly three times that of 
fixed engine pistons, we notice a considerable increase of the sections of the steam passages, and 
particularly those of the ports ; the exhaust-pipe, which is also very large at the be^nning, is, on 
account of its particular functions, diminished in a variable manner A the opposite end, which 
prevents us from giving it a value proportional to that of the piston. And m locomotives, the 
steam-ports would oe -^ and the exhaust-port ^ of the superficies of the piston. 

In marine engines we remark the same proportions as in fixed engines, though the conditions 
of pressure, expansion, and speed of the piston are slightly different. There is, however, an 
enlargement of the steam passages, and particularly of the exhaust ports and pipes, the section of 
which reaches ^ and sometimes ^ of that of the piston. 

The Table contains one example of a road engine of small power, but great speed, the varioos 
parts of which engines are usually of small dimensions. The sections of the pipes and ports are 
the same as in the fixed engines, and the speed of the piston is not greater. It might have been 
supposed, however, on account of the freouent pulsations of the mechanism, that this was precisely 
the case in which a large section should be given to these passages ; but the loss of steam would 
have been greater, and the builder deemed it expedient not to increase the dimensions. 

The preceding facts demonstrate that much is gained by providing separate channels for the 
ingress and the egress, and by suppressing those situated between the slide-valve and the interior 
of the cylinder ; this will allow us to give a larger section to the various orifices. It is useless to 
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increase the size of the exhanst-port ; the steam, to reach it, must traverse the same channel of 
rednced section by which it entered. 

Lineal Dimensions of the Ports.— The steam-ports being rectangular, the proportions of their sides 
may have different values, among which we have to seek the most advantageous. 

From the point of view of the quickest opening, that is, of the largest passage offered at the 
beginning of the stroke of the slide-valve, supposing the same method of working the valve, the 
ratio between the height and the breadth of the orifice will be of no consequence, for each fraction 

• of the surface uncovered being, like the whole surface, proportional to the stroke of the valve, it 
follows that, whatever this ratio of the two dimensions may be, a given fraction of the stroke always 
corresponds to the same fraction of the surface uncovered. But if we consider all the functions of 
the slide-valve, we shall see at once that, on the contrary, there are weighty reasons for making 
the orifices broader than high, that is, in the form of a narrow rectangle, having its short sides in the 
direction of the stroke of the valve. Indeed, the total surface of the valve is, in every case, propor- 
tional to that of the orifices, or, to be more exact, will have the same external suniace, whatever 
the ratio of their sides may be ; consequently it will be subject to the same pressure. Now the 
work which its friction absorbs being the product of this pressure by the space passed over, to 
reduce this resistance to its minimum we must evidently diminish this space as much as possible ; 
that is, lengthen the orifices, and place the short sides in the direction of the stroke of the valve. If 

• the valve be worked by means of a circular eccentric, we have another reason for reducing the 
stroke as much as possible ; for the general dimensions of the circular eccentric increase in very 
great proportions with the stroke which it has to produce. 

This being the general rule, the ratio to be adopted is not absolute. Thus, it is necessary, in 
the case of a short cylinder, to lengthen considerably the orifices in order to reduce the length of 
the steam-chest ; with a cylinder of ordinary proportions the same reason does not exist, but the 
question of the eccentric remains. For examples, we call attention to Fargot's engine of 60 horse- 
power, which has a long stroke, and to Mazeline's engine of 1000 horse-power, which, on the 
contrary, has a relatively short stroke. 

In the engine of 60 horse-power, the induction-ports are 5 oentimbtres by 17, which corresponds 

to the ratio ^77 . In the marine engine of 1000 horse-power, the whole breadth of these orifices is 

125 millimetres. 80 millim^res of which are uncovered by the valve for the introduction, and the 
whole breadth for the egress ; the length is equal to 1" ' 500, in two parts of ' 750 each. Taking as 

a basis the quantity uncovere<l, the ratio of the sides of these orifices would be 8 to 150 = • 

These two examples are intended to give an idea of what may be found in practice, but they 
will lead to no rule. Each particular case will re(|uire different proportions whicn cannot possibly 
be foreseen. In eng^es of two cvlinders it is desirable to give the same length of stroke to each 
of the two slide-valves, in order that they may be worked by^ the same eccentric, or the same con- 
trivance, and to this end the orifices of the two cylinders being of different sections and requiring 
to possess an equal height, those of the smaller cylinder are made nearly square. 

It seems to us unnecessary to dwell longer on a subject which rests upon such unfixed bases, 
especially as we believe the preceding Table, which shows the proportions adopted by experienced 
. builders, to be a sufficient guide in practice. 

Figs. 2297, 2298, are of the condensers of the Mooltan and other vessels : these condensers were 
constructed under the superintendence of Edward Humphrys, after the designs of that ingenious 
and well-known inventor Samuel Hall, of Basford. The Peninsular and Oriental Company's ships 
Mysore and Rangoon, of 400 nominal horse-power, were furnished with condensers by Humphrys 
like those exhibited in Figs. 2297, 2298. The boilers of each of the last-named ships contained 
4800 square feet of heating surface, and the condensers of <the Mysore and Rangoon contained 
4712 square feet of condensing surface, and those of the Mooltan 4200 square feet. The indicated 
power of the Mooltan when tried officially was 1784 horse-power ; hence the area of condensing 
surface for each indicated horse-power was rather less than 2^ square feet. 

For convenience of manufacture and arrangement of these engines, the condenser of ^ each is 
divided into two parts A A, Fig. 2297, each part being exhausted by its own air-pump B, Fig. 2298, 
so that each pair of engines is provided with four air-pumps and four condensers. The air-pump B 
is 18 inches diameter with a stroke of 3 feet. These dimensions being used by Humphrys with 
injection condensers in engines of the same nominal power, he believes they are larger than necea- 
sary for siuf ace condensers of engines in good condition, with condensing water at the average 
temperature of the sea in this climate ; but as these engines had to be employed in the Indian 
seas, it was considered exi)edient to provide large air-pumps and large pumps for circulating the 
condensing water, so as to allow of almost any quantity of condensing water being driven through 
the condensers that may be found necessary in an Indian climate. The air-pumps B discharge 
their water direct into the boilers through the pipe G, according to Hall's plan, so that no feed- 
pumps are necessary. The air which leaks into the engines is allowed to escape by an open stand- 
pipe connected to the highest point of the feed-pipe, and carried up inside the mast, which is of 
iron, to a greater height than is due to the pressure of steam in the boilers. A valve regulated by 
a float was originally fitted to.the Mooltan for allowing the escape of the air ; but it was found to 
require some little attention, and hence the stand-pipe was substituted which answered perfectly 
without much attention. 

Each condenser A A, Figs. 2297, 2298, contains 1178 seamless drawn pure copper tubes, | in. 
outside diameter and No. 18 wire-gauge or '050 in. thick, 5 ft. 10 in. long, weighmg 28 oz. each 
tube, and fixed at 1 in. pitch centre to centre, as shown in Figs. 2299, 2300. The tube-plates of 
the Mooltan are of cast ^n-metal f in. thick ; but those of the Mysore and Rangoon are of rolled 
copper, finished { in. thick. These are first set as flat as possible, and the tube-holes marked out 
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npoa Ihoin. The liolcB rto then Jbilled unaer a common drilling machine with a drill of two 
diameter^ ahown in Figa. 2301, 2302. haying a guard D upon it to fii the depth to which the 
torgor diameter ihall penetrate the plate. One machine, worked by an ordinary driller djilled 
the 1178 hoica in the lube-plate in eevonty houia. The tapping of the holee is then proceeded with, 




^«'-ii 



ME 




(Q 



and ii effected with a tap, shown in Figa. 23(13, 2304, having a parallel end E to guide tt, which 
fits the Bmaller diameter of the tnbe-holeB. One wan of ordinary gtill tapped the 1178 holes in 
•eventy hoiir& After having been drilled and tnppod. the tnhc-plate is again set perfectly Oat on ■ 
■Dr&oe-plate, and then both eidw aie faced off iu u lathe or pleoing modune. 
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The screwed glands F.F, Fig. 2299, for seearing the paokmg at the ends of the tnhes, are made 
from Muntz* metal solid-rolled tubes, which are obtained in lengths of about 5 ft., rolled to gauge 
both inside and outside ; the inside diameter is exactly that of the outside of the copper tubes, 
namely i in., and the outside diameter is such that when screwed it will exactly fit the tapped holes 
in the tube-plates. It is screwed on the outside as it comes from the maker in a common screwing 
machine, as shown in Figs. 2305, 230G, and is then cut by a circular saw into J-in. lengths to 
form the gUmds. The saw marks are taken off the ends by a 

facing cutter revolving in a lathe, shown in Figs. 2807, 2308, and 2305. ssoT. 

the same operation clears out the inside of the hole. The notch for 
the screw-driver is cut by passing a number of the glands, when 
screwed into a plate, under a revolving circular saw of the required 
thickness. The packing is composed of linen tape ; a piece of this 
tape, 12 in. long and ^ in. wide, is wound round a mandrel, the 
ends and edges being slightly stitched, in which state it is readily 

Eut into the tapped holes of the tube-plate, and when screwed dowa. 
y the gland forms a very perfect and lasting joint. The thick- " 





S306. 




S308. 




ness of the tape is such that 1000 of these packings weigh about 
2 lbs. 

The exhaust steam from the engines passes down through the 
interior of the condenser tubes, and the sea- water for keeping the 
tubes cold is driven up through the spaces between the tubes. The 
sea-water is admitted through an inlet-pipe fitted with a slide-valve ^ 
at the bottom of the ship, and enters the condensers at the bottom " 
by the pipe G, Fig. 2297 ; it then circulates round the outsides of 
the tubes, and makes its exit through the regulating valves H H at 
the top of the condensers, at about the load water-line of the vessel. 
The valves H H answer the purpose of regulating the flow of sea- 
water equally through the two divisions A A of the condenser, and 
also of shutting out the water from above when the outsides of the 
condenser tubes have to be examined. The flow of water is pro- 
duced by one of Appold's centrifugal pumps, the diameter of the 
revolving disc being 86 in. ; it is driven by a pair of wood and iron 
spur wheels, the proportions of which are about 1 to 8}, so that at 
the ordinary speed of the engines of the Mooltan, namely, 56 revo- 
lutions, the pump made 194 revolutions a minute. Two of these 
pumps were provided, the second being driven by an auxiliary engine to be used in case of the 
failure of the other. 

The condensers of the Mooltan, in 1862, had run 42,000 miles ; and at the end of 80,000 miles 
the engineer examined the inside and outside of the condenser tubes, and found the outsides per- 
fectly clean ; but inside there appeared a slight coating of grease resulting from the lubricating 
material employed in the interior of the engines. This was, however, so slight as not to affect the 
action of the condensers ; the vessel ran the last 800 miles of the 80,000 at an average speed of 
60 revolutions a minute with 24 lbs. steam in the boilers, and the vacuum in the condensers sup- 
porting a column of mercury 27} in. high. A very careful examination of the inside of the boilers 
showed that the action of tne surface condensers, returning always pure water into them, is likely 
to ensure their continued efficiency, as there was no appearance of deterioration whatever. The 
lubricating material employed in the engines collects in the boilers, adhering to the sides and stays 
about the water-line, and is to be found in large lumps in the bottom water-space below the 
furnaces ; this requires to be taken out occasionally, otherwise, in the opinion of the engineer in 
charge, it causes the boilers to prime. 

IBefore determining on adopting exactly Hall's mode of manufacture for the condensers, although 
his experience of it had been very favourable, Humphrys examined the other plans for surface 
condensation, in most of which the joints between the tubes and tube-plates are made with vulcan- 
ized india-nibber ; but having understood that a chemical action took place between the copper of 
the tubes and the sulphur employed in preparing the india-rubber, ana not being able to discover 
in the now plans any advantage over Hall's condenser, he adhered to this construction in the con- 
densers of the Mooltan. As regards the action of the vulcanized india-rubber on the copper tubes, 
the writer placed a piece of copper tube inside a piece of vulcanized india-rubber tube, and care- 
fully washed and weighed the copper tube every month, and found a gradual decrease in its 
weight. 

In designing the engines of the Mooltan no provision was made for cleaning either the insides 
or the outsides of the tubes of the condensers, except that the connection between the condensers 
and cylinders was so arranged as to admit of the ready removal of the entire condenser case with 
its tubes. Each condenser case is a rectangular vessel about 2 ft. 10 in. by 8 ft. 6 in., and 
5 ft. 10 in. high, as shown in Figs. 2297, 2298 ; and by removing the bolts in the joints I and K at 
top and bottom, the entire condenser with its tubes can be drawn out clear of the cylinder, and the 
inside of the tubes can then be cleaned, the tube-plates being in this case of gun-metal cast with 
the edge thickened h in. all round on the outer face, so as to clear the projecting glands of the tube 
ends. The two condensers of one engine might be removed, the tubes cleaned, and the condensers 
refixed in forty hours ; but up to 1 862 there was nothing in the state of the condensers to indicate the 
necessity of cleaning either the insides or outsides of the tubes ; indeed the outsides were cleaner 
and brighter than when the tubes were first fixed in their place. When it becomes necessary to clean 
the insides, it is recommended to apply a solution of caustic soda by filling the condenser with it 
up to the top of the upper joint I ; this was also the practice followed by Hall with success in his 
condensers in 1887. Indeed HaU's condensers were employed in the Penelope for more than six 
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yeeoBj and the en^^ineer ia charge during thai period stated that, with the exception of occaeionally 
cleaning oat the insides of the tubes by the application of a solution of soda and water, the cod* 
densers never gave an hour's trouble. 

The illustrations, Figs. 2309 to 2811, are of David MarshalVs plan for packing surflaoe con- 
densers. The tube packing of Marshall is simple, effective, and reliable, it requires neither 
screws nor glands to effect the required tightness. 
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References : — A, Exhaust steam inlet from engine cylinders. B, Oatlet to air-pump of engine. 
C, Inlet for circulating water. D, Outlet for circulating water. E, F, Portable covers or doors. 
G, The tube packing. The circulating water in centre of paclcing presses enter ring to tube^late 
and inner to tube, thereby making a perfect tight joint, and still allowing tube to expand. H, Front 
view with door off, showing tubes and packings. I, Longitudinal section, showing tubes, packings^ 
and doors. J, Front view with door on, showing inlet and outlet C, D. 

The efficiency of this packing has been carefully tested on board many ships. Andrew Brown, 
of Simon and Co.'s engineers, states that when one of their ships, the Africa, was running 
with 60 lbs. pressure, the vacuum was steady at 27^ in. of mercury, and that all the joints made 
by this packing were perfectly tight. 

Fig. 2S12 is an elevation, and Fig. 2313 is a section, of a simple form of feed-water heater, 
invented by U. N. Waters, and intended to be used with non-condensing engines. Referring to 
the section, Fig. 2313, it will be seen that the heater consists of a reservoir or casing A, into which 
the cold water flows from a cistern through the pipe B and perforated pipe or sprinkler G, this 
latter distributing it in the form of a number of fine jets. The flow of water is regulated by the 
cock U, so that it is maintained at a proper level in the casing, as shown by the glass gauge G. 
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The exhaust steam from the engine enters through the pipe D, and impinges against the 
deflector E, which deflects it downwards again against the sprinkler 0. That portion of the 
steam which is not condensed passes round the edges of the deflector E to the exit-pipe F at the 
top of the apparatus. The feed-pipe I, leading to the pump, is turned down inside the reservoir, 
and terminates about 4 in. above the bottom of the casing, so that the pumps can draw without 
disturbing the sediment. At the bend of the pipe I there is attached an air-pipe J, which extends 
upwards above the highest water-level M in the reservoir. This pipe is for the purpose of admit- 
ting air or steam to the pumps through the pipe I when the water-level falls below the line N, so 
that the pumps cannot <uaw off the water below that level. When the pump is situated below the 
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pipe I, the wftter ivill Sow onl to the level N of the bottom of the iiuide of the pipe ; but vrhen the 
pump is nbove I, the lovfeot water-leTol proJucible nill be od a line with tlie top of the iiuitle of 
the pipe I. At L ia a hand-hole for giving occeaa to the interior of the henter for clesuing or 
other purposea ; while K ie a plug for drawing olT tbe vater from the cadiuc; when deBired, and P 
U an overflow-pipe, or plug, to prevept tlio water from rising BoiBoiently high to enter the pipe D. 

Id adilition to acting aa a water-heater merely, the arrangement we have described Berree to 
collect tbe major portion of the solid matters contained in the feed-water, and thus greatly dimi- 
uishes, aud in many instancee entirely preveotB, the fomiBtioD of scale in the boilera. By the 
employment of the BprinkJer the water is brought into such intimate contact with the exhaust 
steam that it is raised quite to the boiling-point, and the arrangement of tbe reservoir and feed- 
pipj allows the solid matters which become sepanted at that temperature to be deposited before 
tbe water is pumped into the boiler. 

Fig. 2314 is a section, and Fig. 2315 a plan, of heater with oorer removed, showing tbe form of 
a roae. This arrangement was invented by Thomas Aimers. The heater oonsjats of a cylinder A, 
into which the cold water is introduced by pipe B, having a regulating cock C to maintain water 
at a proper level in tbe cylinder. On the under-side of the cover of the cylinder there is a rose D, 
into nhioh the water Qowa from the pipe B : this mse is bored full of small holes, as shown in Fig. 
2313, but the part immediately over the eihaust-pipe E has no holes in it, so that the water falU 
around the pipe in a oontinnous shower, and thus any water is prevented from entering the 
eibaust-pipe and becoming a diag upon the engine. The exhaust steam from the engine enters 
through tbe pipe E and impinges against the curved part of the rose ; this throws it out upon the 
abnvrer of water, through which it must necex«ari1y pasa before it makes its escape through the 
exit-pipe F, and the holes in the rose being more numeroua over the entrance to that pipe, the full 
beneSt ia got from the steam. The feed-pipe (i leading to the pump is placed at a considenible 
distance from bottom of cylinder, so that the pump <^>i draw without disturbing the eediment. 
H ia an overflow-pipe to prevent the water rising sumciently high to enter pipe E. 

This arraagement always gives an abundant supply of water almost at the boiling-poiDt, by 
turning the cook C full on, and aUowing the extra water to ran through the overflow into a cistern. 
For a factory where hot water is much used this is a great advantage. The condamtim of the 
steam is complete, and efTeetiially takes off all back pre«aare from the engine. 




J%t Siphoa fiwd-mifar Segviaiar and Fttrifer, Fig. 231 6.— Tbe objects intended to be aooomplished 
by this contrivance arc fourfold ; the regulation of the water fed to a steam-boiler; the absolute pre- 
vention of low water ; the prevention of explosions, or injury to boilers so frequently caused by un- 
equal expansion and contraction from the variable temperature at which water is usually fed to the 
boiler ; and the purification of the fctd-wotor before reaching the boiler, and the depwition and 
(say removal of the deposit. The apparatus ia verv simple in construction and enlirel^ automatio 
in operation. It is, in reality, a siphon, the abort leg of which ia alternately a oonduit for water 
aud ateam. Fig. 23IG ia a section showing its internal eotistmction. The reservoir or dome A is 
of cast iron, in the form sbown, bolted to the top of tbe boiler at tbe point deemed most convenient. 
At ite top it receives a pipe B connected with the feed-water pump and ia the water supply pipe. 
The passage from the interior end of tbia pipe to the dome A is governed by an ordinary upward- 
lifting valve, or check-valve. Just below the iulet-pii)e B ia the pipe C, connecting with the stcam- 
Bpace of the boiler, having its lower end at the desired level of the water and forming the short leg 
of the uphon. Near the bottom of the dome ia another pipe D, forming a communication with the 
dome and the water-space of the boiler, ita lower end rrat&ing nearly to tbe boiler bottom. This 
Is the long leg of the siphon. Both these pipes are open at the bottom, and each is provided with 
cocks to be used, if necessary, to close communiistion between the interior of the dome and the 
boiler when the dome is to be cleared of the snliment deposited by the water. Inside the dome is 
a hollow lever float E pivoted to the rod F and balanced by the adjustable weight O. 

When the water falls below its proper level, exposing the open lower end of the pipe C, steam, 
of eonrse, paaaea up into the dome A, and the water contained in it end supporting the float E will 
descend, carrjing with it the float and opcmng the valvo to the inlet of water through the pipe B. 
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So long as this Talve iB open, water will consequently be forced in by the pnmp through the pipe D 
to near the bottom of the boUer. Boon as the water rises sufficiently to cover the end of the pipe G, 
no more steam will enter the dome, equilibrium will be restored, and the valve dosed. Ii the 
pump is kept continually at work a side pipe may be used to carry off the overplus of water. TbuB 
the height of water in the boiler will be automatically preserved at an absolutely uniform level. 

The apparatus heats the feed-water in the chamber A to the same temperature as the water in 
the boiler, thus preventing the unequal expansion and contraction of the iron. In addition to this 
office of the apparatus, it is intended also to separate and precipitate the salts and earthy matters 
held in solution, as the water admitted to the dome becomes vaporized by the steam admitted 
through the pipe C, and consequently parts with its impurities, which, being specifically heavier, 
sink to the bottom of the dome, from which they can be readily removed on taking off the top of 
the dome. Applied to marine or other boilers subject to foaming, the apparatus will work as a 
regulator to the feed, as well as where there is no such annoyance. 

Packing for Pistons. — This packing, introduced by G. M. Miller, consists of two rings, pressed 
outwards against the cylinder by the pressure of the steam as it acts on the alternate faoes of the 
piston, without the use of any springs. The construction of the piston is shown in Figs. 2317 to 
2319, as used by Miller in the locomotive engines on the Great Southern and Western Railway of 
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Ireland. The piston is of cast iron, 2 in. in thickness and 15 in. diameter. Two square gtooYOB 
A A are turned in the edge of the piston, | in. in width and ) in. apart, and a corresponding steel 
ring is fitted into each groove, the rings being divided at one part with a p^in butt-joint, and 
sprung over the piston into their places. Two small holes B B, | in. diameter, open from each face 
of the piston to tne bottom of the nearest groove, whereby the steam is admitted behind the pack- 
ing ring and presses it out against the cylinder so long as the steam is acting upon that face of the 
piston. The alternate action of the two rings is continued as long as the steam is acting on the 
piston, one of them being always pressed steam-tight against the cylinder. 

In Figs. 2320 to 2322, is shown one of the pistons with brass rings which are { in. width and 
•fg in. thickness, the piston being SJ in. wide. 
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Another form of the piston has been used in cases where the piston is desired to be flush oh 
both faces or to fit a cylinder with flat covers ; in this a circular flat head forged upon the piston- 
rod is fitted between the turned faoes of the two halves of a cast-iron piston, wnich are held 
together by turned pins riveted over, forming a hollow piston flush on both faces, fast upon the 
paston-^od, and without any loose part besides the two packing rings. 

The ends of the rings where divided are made with a butt-joint, as in Fig. 2319 ; or with a 
lapped joint, as shown in Figs. 2328. 2824. The piston body is turned to pass through the cylinder 
eaaly ; and the joints of the rings nave been found to be practically steam-tight. In some cases 
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the joints have been tongned, as shown in Fig. 2322, bnt in Miller's experience this has not been 
found requisite ; the butt-joint has invariably worked well, whilst it has the advantage of perfect 
simplicity of construction.^ In pistons where the packing ring travels over the opening of the 
cylinder port a small stop is fixed in the bottom of the groove, entering a short slot in the packing 
nng, to prevent the ends of the ring coming opposite the cylinder port, but still leaving the ring 
free to travel round a little in the piston grooves ; but it is preferred for the packing rings not to 
travel over the cylinder ports. 
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Another form of joint for the packing rings is shown in Figs. 2325 to 2327, intended to be used 
in a stationary engine with cylinder 16 in. diameter. A brass stop-piece G, 1 in. thick and 4 in. 
long, is placea in a recess at the back of the joint, serving as a cover to the joint at the top and 
bottom by projecting <^ in. in thickness on each side of the ring. 

These steam-packed pistons have been used more than seven years in the locomotives of the 
Great Southern and Western Railway, and have proved so satisfactory and advantageous that their 
use has been extended to all the locomotives working upon that line. The following are the results 
of the working in the engines running from Dublin, as regards the durability of one set of rings, 
the period of their wear, and the mileage of the engines whilst wearing them out. Kineteen 
engines working with one set of steel rings averaged 83,020 miles and 16| months' running, one 
engine having worked for three years and run as much as 98,073 miles with one set of packing 
rings. Five engines working with one set of brass rings under the same circumstances averagc^d 
80,986 miles and nineteen months' running, the greatest work amongst them being 2} years and 
42,197 miles. Twenty other engines with steel rings which were in use in 1862 also averaged 
40,444 miles and twenty-one months' work, one of these having worked for 3} years and run 
91,399 miles with the original set of rings. 

The general result of the above is that one set of steel packing rings have lasted 87,000 miles 
and nineteen months' work, and one set of brass rings 31,000 miles and nineteen months' work, the 
difference in durability being about 16 per cent, in favour of the steel rings. In some of the indi- 
vidual cases of the pistons with steel rings, a very considerable variation from the average result 
of 87,000 miles is found in the durability of the packing rings, some of them having lasted 2^ times 
the average and some only as much below the average. In the case of the brass rings the variation 
iB not so great, amounting to If times the average in the highest and about as much below the 
average in the lowest. This variation in wear has not been fully accounted for ; it may have 
occurred from a different character of metal in the cylinders, from priming of the boiler, and from 
the presence of grit in the water ; but the writer has reason to believe that the rings have been 
frequently put into work and set with a pressure upon the cylinder from their own elasticity, thus 
causing a source of wear. It is found the best plan to turn the rings to the exact diameter of the 
cylinder, and to put them in without any spring upon them, so that they are not subjected to any 
wear except when the steam is acting on them. The steel rings are now slightly tempered, to 
admit of their being sprung into the grooves without altering their form. In all these pistons the 
steel packing rings were ) in. thick originally and 4 in. wide, and they were worn down to about 
\ in. thick in the thinnest part before being removed. The brass rings are worn down from -j^ in. 
until they are j^ in. thick. It must be remarked that when opportunities occur, as when engines 
are under repair, the rings are taken out and re-set to the size of the cylinder. 

It is found in practice that two steam-ports of -^ in. diameter are quite sufficient for each of the 
steel packing rings, drilled in the position B B shown in Figs. 2317 to 2830. The rings must be 
made to fit easily in their grooves, so as to move freely, with a clearance of ^ in. at the bottom of 
the grooves for tiie steam to pass round behind tiie rings. No difficulty has been experienced from 
the steam passages becoming stopped up with a moderate use of tallow in the cylinders. 

The use of this piston packing in locomotive engines has been productive of economy by reducing 
the friction and by prolonging the wear of both pistons and cylinders. It will be observed that 
only one ring is in action at the same time, and that when the steam is shut off, as in descending 
inoUnefl and approaching stations, the piston is free to move without any friction. The operation 
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A. Domber of atationary engine pistons are working mth Uieso panting rings, and they have 
proved very durable and thoronghly satiBfaotoiv. giving an advantage in rednction of friction, and 
in prcMriuig the cylinder foce in perfect oondition. In one case of the engine of the 0]dbawn 
Paper Hill near Dublin, with ver^cal cylinder 18 in. diameter and 2} ft. stroke, working with 
90 lbs. stcau, the cylinder had previously beoQ worn considerably oat of tmth and much grooved, 
and one of these pistons was pnt in haying two steel rings of { in. width and | in. thickness, end 
was in eonstant work for four years without the packing rings requiring renewal. They havu 
lately been taken out for examination, and were found to be still ) in. thick ; and the cylinder from 
its preriooip defective condition has been brought oompletely to truth throughout, with a highly 
polished stirface. 

These packing rings have also been used for four years for Pomp Baokets, and have proved 
very satisFaotory. In one ease of a double-acting pump S in. diameter, shown in Fig. 2328, the 
two pftcking rings A A are of brass, j in. wide and ^ in. thick, and ore pressed out by the prea- 
sure of the water acting at the alternate faoes of the bucket through two ports B B, 4 to. diameter, 
similar to those in the steam-pistons. This pump had two years' coustont work at quarries and 
bridge foundations upon the Qroat Southern and Western itailway, before the pocking rings 
required renewal. 

lu the ease of sin^Ie-aoting pmnpa the bucket has only a single packing ring with ports open- 
ing from the upper side, sa shown m Fig. 2329, which represents a pump bucket 5 in. diameter 
that has been working constantly for 2} years at a station on the railway near Dublin. The 
packing ring A was originally { in. wide and \ in. thick, and has worn less than ^^ in. in the 
21 years. As the diameter in tliis case is too small to allow of the riog being sprung over 
tEe body of the bnoket into its place, it is put iu by means of a junk-ring D soiewed on at the 
uodeivside of the bnoket, as shown in Pig, 2329. 




An application of the same oonstruetion of packing that has also been mode to the gland 
packing of a 9-in. pump-plunger is ^own in Fig. 2330 ; in which two brass packing rin^ are 
used, t in. wide and 1 in. ttiick, just like the piston packing rings, except that they act in the 
opposite direction, being pressed inwards apon the plunger by the pressure of the water through 
the ports B B. 

Saylor'i Safety-Valve, — This improvement in the constmcttan of the safaty-valves at present in 
oseon locomotive, marine, and stationary engine boilers, for the purpose of preventing the pressure 
of the steam whilst blowing off through the safety-valve from rismg beyond the limit to which 
the valve is adjusted. This rise of pressure dming blowing off is found to take place to a greater 
or less extent in all eteam-boUcis with ordinary safety-valves, including locomotive, marine, and 
stationary boUera; but it occurs especially with locomotive boilers, where the safety-Talvea are 
pressed down by levers with spring balances at their extremities, and the rising of the valve in 
blowing off causes a lifting of the lever and a considerable extra extension of the spring balance 
and consequent increase of pressure upon tlie valve. 

From experiments made by W. Naylor with locomotive boilers, he believes that a clear avail- 
able opening of ^n of a sq. in. will allow the steam to escape ss fast as it can bo generated in 
a large locomotive luiler at a pressure of 120 lbs. to the sq. in., when the engine is not coosuming 
steam by running, and with the help of a steam-jet in the chimney. Taking the theoretical 
velocity of steam at that pressure issuing into the atmosphere as 1900 ft. a second, the practical 
Telocity of the issuing steam, allowing for its friction in passing the safety-valve and the resietance 
of the atmosphere into which it has to flow, may be assumed at 70 per eeut. nf this smount or 
1330 ft. per second. This velocity with the above-named opening of ^ of a sq. in. gives a dis- 
cbarge of 11,172 cub. in. of steam passing off per second. Taking the relative vnlnme of steam to 
—•(.,..« th.t ^.^„^ggg 203 times, this isequivalonttoanevaporationof about 12 gallons of water 
ir a consnmption of about 6 owt. (7 ' 99) of coal an boor, taking the evaporative 
>i o IDS. oi wvter the lb. of coal. 
« pteaent luge locomotive boilers are made some with two safety-valves of Sj in. diameter, 



t that area 
le(ll&4>; 



1181 



DETAILS OF ENGINES. 



some with two Talvaa of i fn. diameter, BOine with two of 5 in. diameter, &nd some eogiuM Are 
working with four Talves of 3 in. diameter ; tbe valves being loaded bjr spring balances thjoosh 
leveiB, or in some casea bj a sprine acting direct, withont the interventiini of a lever. When me 
spring balance and lever are aaed, the proportiooi of the lever are gonemlljr annuiged so tb&t 
1 lb. preaaura of the balance ia equal to 1 lb. the sq. in, on tbe valve; and then the perpendicular 
lift of the valve ld opening multiplied bf the nimiber of square inches in its area giveg the distance 
that the outer eud of the levor has to move to allow the required opening of the valve: and this 
lift of the lever end multiplied bj the uumber of lbs. to the inch in the graduations of the spring 
balance gives the number of lbs. tbe sqonra inch of odditiacal load put upon the valve b; the act 
of lifting, and the corrcBponding increase of pressure uecessitated in the st^un to admit of its escape 
through the opening of the valve, in addition to that required for overooming the friction of ths 
steam in passing the valve and the resistance to it in flowing into the atmosphere. 

Taking the case of two valves of S in. diameter, giviag a combined circumference of 31*4 in., 
and say 30 lbs. to the inch as tbe graduation of the spriog balances, with a ratio of leverage (or 
area of valve) of 19' 63 to 1, a total area of discharge of .j^ sq. in. would require a lift of the ralvea 
of gp^ or '0223 in.; but as the bearing faces of the valve and seat are not horizontal but iuclined 
at 45°, a vertical lift of the valve equivalent to 1 sq. in. (0'99) annular area ia required for giving 
s discharging area of A sq. in. ; and the total lift will therefore be '032 in. Tbia gives an elten- 
sion of the spring balance of -032 x 19'63 or -628 in., causing an extra load upon tbe valve of 
*62S X 30 or 18'S lbs. a sq. in. in order to get tbe required opening for discbarge of the steam. 
Tbe result is therefore tbat, in order to give a sufBcient area of opening for the discharge of all 
the steam tbat tbe boiler is capable of generating, tbe pressure must rise in tbe boiler about 
19 lbs. to the sq. in. above the intended limit of the working pressure, or the point at which the 
mfety-volves ore adjusted to begin blowing off; and this action of increasing the total pressure 
upon the valve as the valve rises is inseparable from all arrangements in which the valve is 
pieeaed down by a spring acting either through a constant lever or direct upon tbe valve. 

Naylor's safety-valve has been designed to remove this defect, b; causing the spring that 
presses upon the valve to act not tbrougb a constant lever, but through one which varies in its 
effective length, diminishing in length eis the valve riaes ia tbe same proportion that tbe tension 
of the spring- is increased by tbe rinng of tbe valve, so as to prevent any increase taking place in 
the total pressure upon the valve. 

Naylor-s valve is shown in Figs. 2331 to 2331, Fig. 2331 being a vertical sectloD, and Fig. 2332 
a sectional plan. 

The safety-valve A is only 2 Id. diameter inside the seating, and is pressed down by the 
inverted spiral, spring B acting upon the opposite end of the bent lever C, the effective length of 
lever being 2} in. at the valve and 1 j in. at the spring. When tbe valve rises, tbe bearing point 
of tbe spring at the end of the lever, b^ng inoUned downwards at an angle of 35° from the vertical 





shown by the dotted position in Pig, 2333; and the result ia that the effective leven 
tbe sprtog acts Is rediNed to the extent required to compensate for the inoreased 1< 
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the Kinnection of the Hpring to the lever at F ia oy a sniie-eaga 
■lao. Fi^. 2333, 2334, in order to ^ive complete freedom of action 
to the whole. The spiral apricK la made of |-in, round steel, and 
the pressnre apoiithe trIto is Bdjiuted by Bcrovin^ up the spring 
by the uut O, tbe highest proBEure being limited by a solid oollar 
apoQ the spindle. Any accident from failure of the spring ia pro-a 
Tided agaiast by the loner end of the lever thcnooming in contacts 
with tlie casing nt II, Pig. 2333, whioh pieventa ftny rii^ of tbe * 
valve beooming displaced. 

This valve being only 2 in. diameter with a oirflnmferenoe of 
6' 28 in., the height to which it moat be lifted in order to give the 
same area of discharge aabeforBt-^of asq. ii).,ia -i- or '159 in.; 
and the valve end of the lever being U In. long, this requirea an 
angular movement of the lever of 3° 3^. The angle between the 
spring end of tlie lever and the vertioal ia consequently reduced 
riom 3S^ to 31° 21'; and taking the horiiontal distance 1} in. or 
I '75 in. as tbe sine of the farmer angle, tbe sine of the latter angle 
will be 1'59 in., making a aborteniug of 'IG in. in Ibo leveraged 
at whioh tbe spring acta. The difference between Die coaincs of ^ 
the«e angles to the same radius, or ' 106 in,, will bo the extension 

of the spring produced by the same range of motion ; and the area of the valve being 3-14 so. in, 
tbe total prenure of the spring to give a presanre upon the valve of 120 lb& an inch will be 
538 lbs. with the original leverage of I'75 in,, and with the reduced leverage of I -.19 in, the 
total pressure required at the spring is then 593 Iba. Hence an increase of 5S lbs. In the total 
presiuie of the spring baa to be produced by tbe extension of -106 in. in length caused by the 
motion of the lever, in order to maintain a constant pressure upon the valve ; and this gives 519 lbs. 
for an inch deflection for the strength of spring required for tLe pnrposo. 

Id practice the spring is adiuated so as to give a slightlv reduced total preasare upon the vaire 
when fully open, the pressure the square inch on the valve being made about 4 per cent, leas when 
the valve is blowing off strongly than when the valve is shut : in order to compensate for the effect 
of the friction of the loige quantity ot atcam passing in that case through the narrow opening of 
the valvBL It ha* been fonnd by trials with this valve that, when the steam is blowing nff very 
strongly, the pressore within the boiler exceeds the load upon the valve by about 5 per ct^nt. ; and 
therefore by proportioning it as above with 4 per cent, less pressure of tbe spring upon tbe valve 
when open than when closed, the oocurrenoo of any aensibte mcrease of pressure within the boiler 
beyond the limit at whioh the valve is set is completely prevented. At the same time it ia found 
that tbe valve closes again after blowing off strongly., without allowing an; sensible fall in the 
boiler pressure below that limit. 

This improved valve therefore effeotnally provides for the prevention of any inoreaaa of pressure 
oecnning under any circumstances in the boiler beyond the intended limit of presanre ; and the 
one valve, although only 2 in, diameter, givea the niU area for discharge of the steam obtained 
with the two large valves ordinarily used. The one valve may consequently be considered aa 
fully equivalent in safety to the two ordinary valves, although »t may be preferred still to adopt 
the prccantion of employing two valves. 

In the case of the two ordinary safety-valves of 4 in, diameter, having a combined oinnimference 
of 251 in., and aratioof leverage of 12 57 to 1, a total increase of preasnie of 19'0 Iba. the aq. in. 
will be caused in giving the required full area of opening of ,jU aq. in. for discharge. And with 
two valves of 3 iD, diameter, having a combined circumference of 18-8 in., and a ratio of leverage 
of7'07 to 1, the total increase oF pressure will be ll'S lbs. per aq. in. 

It appears theiefore that, with the ordinary conatnictiou of safety-valvea, the larger size of 
TBlveo, instead of giving increased freedom to the discharge of the steam, are actually inferior in 
thisres[>ect to tbe smaller valves, the two 5-in. valves allowing nn inorease of pressure of 18-8 Iba. 
to the inch during the escape of the ateam, whilst the two3-iu. valves allow only ll'S lbs. an inch 
increase with the same discharge. This arises from the circumstance that the pressnte required 
to hold down the valve increases aa its area or as the square of its diameter, whilst its area for 
discliarge increases only as its circumference or directly as its diameter. Tlils result is also not 
altered in the cases where, instead of using a lever with a spring balance at tbe end, a large 
liral spring is employed pressing direct npon the vEdve, or between two valves, the pressure of 
le spring and ita motion being then the same as those of the valve, instead of tbe pressure of the 
spring being diminished and its motion increaaed both in the same ratio by the action of the lever. 

This valve possesses an advantage over most forma of the ordinary valves, from the circiim- 
atance that it ia quite imposaible for the valve to be tampered with by the engine-driver, so as to 
increase the pressure beyond the intended limit. 

One cause of extra pressure in locomotive boilers occurs when an engine is proceeding with a 
train, with the steam well np and a good flro, and it is suddenly checked by a danger signal l>eiug 
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exhibited, and the engine haa to be reversed. In auch a case, whilst the Ore is generating steam 
Tigorously, the cylinders, instead of using it, are converted into air-pumps, pumping air into Ih- 
bMler at every airoke. The ateam generated must all pass off by the safety- valves, and the pm 
aure ollcn rises considerably above the limit at which they are adjusted. 

When an engine ia taking a heftvy load up an incline alowly, the ateam blowing off atroogly, « 
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poirer, ajthoagh the Btaam was blowins off Tery atroiigl; : and (be diiver beiu; afraid to go bock 
Som fear of a collision, had lo secure the Talvea against blowing off, by peggioE down the levers 
in the slots throngh which they passed in the weatherboard. The regular working preaanre wsb 
120 lbs., but the steam got up to 180 lbs. an inch bj the pleasure gauge, and the engine Vfa« then 
able to lake the traiu lo the top of the incline. 

Another source of risk of eitra pressure ia when an engine is having the steam Rot up in the 
engine shed, and to hasten It the steam jet has been put on and left on while the fire-Iigbter ia 
gone to look after other engines. From a number of experiments Naylor has asoertained that, if 
the jet be leti fnll on for six minutea after the steam begins to blow off, there will be an excess of 
pressure in the boiler of at least 30 lbs. a square inch orer what the safet;-TalTes on the ordinary 
constmction are loaded at. 

In the case of marine boileiB It is required by the OoTerninent regnlationa that there shall be 
at least one safety-Talve upon each boiler loaded direct by weights, and that the area of thia valve 
shall be one circular inch for every horse-power nominal ; so that a boiler supplying steam 
equal to 100 horse-power requires a safety-vi^ve 10 in. dianetei'. But although these valves are 
Icttdad by direct weights, the pressure in the boiler will necemarily exceed the load on the valve 
when the steam is blowing off in great forc«, whiob is liable to occur occasionally when the 
engines are stopped, from neglect in not easing the pressure at that time. There is, however, a 
serious defect in this mode of loading Barely-veJres on marine boilers, from the circumstance that 
when the vessel rolls the pressure of the weight is diminished ; and if it rolls to the extent of 45° 
there will not be more than 70 per cent, of the full load npon the valves at that moment, and 
consequently there will be a loss of power when the greatest power may lie required. Moreover 
thn nntpr in the boiler is subjected to violent commotion by the repeated starts of ebullition from 
'e being suddenly reduced bv the lifting of the safety-ialve; and this commotion is not 

.. _ __a stopped by the closing of the valve, bnt prodnces priming in the cylinders. With the 

Improved valve, shown by the sections Figs. 2335, 2336, however, the fnll piessore would be 
IweBerved staadUy in the boilers, with any extant of lolliDg of the vessel. 
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Atkemfft look 8aftty-Vah».—W^. S337 is a perspective view of the valve and its partsi with 
one side of the case removed, and a portion of the covering of the valve scats broken away, to 
show the internal oaoslmotion. Fig. 23SS is an enlarged view of the valve and its seats. The 
main peculiarities of this veJvc are in its having a double seat, and offering a much freer egress to 
the steam than the single disk valve. By reference more particularly to Fig. 2338, these pecu- 
liarities may be noticed. The v^ve itself is lioltow, and has an Emnular space between the two 
■eats, into which, as well as into its central cavity, the steam may pass. The shell that encloses 
it, and forms its seats, has radial projections, between which are spaces serving as passages for the 
escaping steam. Fig. 23SS shows the valve lifted from its seat, the arrows snowing the direction 
taken by the esoaping steam. A is the valve, and B the seats. 

Pig, 2337 shows a gnard-plate C, phwed in front of the escape pipe D, to prevent tampering 
with ue valve. E is a bolt secoring the halves of the cose together, and having a hole through 
it for the reception of the staple of the lock. F is a cam for lifting the lever and the weight Q. 
The cap H, over the valve, serves as a guide to the valve stem, and prevents the steam ttc«a 
escaping into the lock-box. 

Mariiu-E»gint Omernor, incmttd by Frtfr Jaaen, of Copenhagen.— Tbf, engines in very large 
Bcrew-ateamera with deep dmupht are considered to work with sufficient regularity even in a gale, 
as the size and weight of the sliip to a great extent prevent it from pitching, and for thia reason 
DO great difference in the depth of immersion of the screw takes place : bnt, except in tbe above 
ease, serious irregularity is experienced in the working of marine engines in a heavy sea, when the 
Borew or the paddle-wheels are one moment deeply immersed and the next moment revolving half 
at more in the air. A waste of power then occurs ; for although in a given time tbe same amount 
of Dowei is supplied from the boiler, whatever the speed of the engines may be at any moment, 
■till the power a not exerted in an advantageous manner whenever the propeUer is only partially 
immersed, as it then presents too little surfaro of resistance to the water, sod is consequently not 
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eaiiiiot be used to sdvaaUge In consequence of 
the propeller being onlf partially immened, it i« 
at that time wasted in driving tha sorew or the 
paddle-wheels with gn»t tpeed in a l^htdranght 
of water, and a great amonnt of slip or loss la 
eSectiTe speed ofthe tcimI conaeqaeutly ensues. 
In applying agovenwrto marine engines economy 
of power most n«nlt, m in the case of stationary 
engines. Uoreorer, mart of the accidenta oocnr- 
ring to marine engines are due to the sadden 
diockx that will happen during a gale even in 
well-balanoed engines. The lubrication ie also 
often rendered dimonlt, because the oil is thrown 
out of the oups ; and the great amount of wear 
and tear in marine engines may be attributed 
partly to the shocks and the in^ulai motioil, and 
partly to the more imperfect Inbrioation. 

Harine^ngine governors have been attempted 
on several occasious. but only very few are yet 
applied. Aningeniousmodifl(»itionoftheordinary 
Watt's oenbifugal governor has been employed 
for this porpose, Bilver's fooT'Iiall governor. 



icr tnal or gravity, ana ine wnoie apparattis is balanced so as lo remain unauiuroea in aouoa 
during the pitcbingoT the vessel. But the mode of action of all sucb govemois is by ohecUn^tha 
npnly of steam to control the speed of the engine afttr it has begun to change either to quicker 
or (dower; and it has appeared to the inventor of the governor forming the sabjeet of the present 



paper, that the principal deatdeifttum in a good marine-engine governor is an instantaneous action, 
so that whenever the screw or the paddle-wheela are going down iu the water more ateam may 
be admitted to the engines as quickly eui possible, and in the opposite case the admission of steam 
may be as onickly as possible checked, hefori the speed of the engines has been seDHibly affected For 
attaining this object it seems more natural to make use of the cause of the evil as a remedy against 
it, or to employ the irregular oiotiou of the vessel as a means of regulating the engines, than to let 
the engines regulate themselves. By this means an intermediate step is dispensed witli ; and by 
making use of the non-elastio water as the motive power of the governor, the action will be eiertea 
quickly enough upon the engines to regulate the supply of steam before the depth of immersion o( 
ine propeller has been materially altered by the pitching of the vessel. 

The construction of Jensen's marine-engina governor is shown in Figs. Z33S to 2341 . Fig. 2339 

Is a tiknsverse section of the vessel showing the governor in position: and Figs. 2340, 2341, ar- 

ItngitndiDal section and elevation of the governor enlaniM] 

A qrlinder A is placed at rnch inner side of the V< 
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or indU-mbbet. The piBtoa-rods & act npon bell-oiBiik lerere FF, and by meaiiB of coimectiDf;- 
loda O O motion is given to a common spindle H, from wliicb the thrattio valves of the engines Rni 
worked in anch amanneithat when the pistoDaC go down the throttle valves are cIoBing, and when 
the pistons go np the valves ace opening. Now as the pressnre of the external water increases in 
proportion to the depth, when the openings of the valves B oome into different depths in eonec- 
qaence of the pitching or rolling of the vessel, the pressnre on the pistons C will be changed pn>- 
portionatelf ; nnd to each pressure will correepond a certain position of the pistons and of the 
throttlevalves connected witli them. Omitting the pitching of the vessel in a paddle-wheel steamer 
and oonsidering onlj' the rolling motion, it is obvions that when one paddle-wheel is deepl; im- 
mersed and the other nearl; or entirely ont of the water, the pressure on the two pistons will be 
different ; bat sapposing them connected together, the po«ition of both and of the throttle valvea 
will be then oorrespaoding to the difference of resiirtance on the two paddle-wheels. 

If these ojlinders are placed as near to 
the propeller as convenient, so as to ensure ****■ 

— "y nearly the same depth of immersion, 
U be seen that this apparatus will then 
act as a governor for the engines ; for when 
the propeller is revolving in a tight dranght 
of water, the supply of steam to the engines 
Is proporttonateiy diminished : and when re- 
volving in deep water, the supply of steam 
Is proportionately iuoreased. 

Jfarmoniiiag Gocemor, Pig. 2342.— The 
nature of this invention oonauts in swing- 
ing the balls of a centrifugal governor, at 
an angle to a radial line, bartnonizing with 
and corresponding to the motion of said 
balls, in sucb manner that the inertia, the 
momentum, and oentrifngal force, all act in 
favour of the governor, instead of against it, 
as ia the case in the ordinary centrifugal 
governor. Angalar ifotion, p. 101. 

This is iUuatrated in Pig. 2343. A oircle 
B is stmolc, or nearly the size of the ball. 
A square is then formed by drawing lines 
tangentially with the circles, as shown by ' 
dotted lines. This square gives the plan (Hf 
the governor. G la the point of suspenmon 
of the arm ; the lino from C to D repreeents 
the arm, as also the direction of the swing 
of the baU. The lines from C to E consti- 
tute the oentrea of the pins npon which the 
arms F and links O ate firmly flied. The 



soeketo C E. 

with a stem possiDg through the c 

the valve. I.inhs G may also tnm ontweJd, 

as ahown at II, and form a connection with 
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thifl angle will swing freely whether moTine quickly or alowly ; if moved slowly, they will be acted 
upon by bat little centrifugal force, and will swing low and perfectly free from the points of sus- 
pension ; if moved quioUy, they will be acted upon by greater oenmugal foroe^ and will swing 




S34& 







higher and fiirther out, though quite freely, without causing the least binding or friction at the 
joints, by which the arms are susnended. The balls are at liberty to fall to the rear of the points 
of snspension, or to gain upon saia points, according as the force of their inertia or their momentum 
predominates. By this arrangement we obtain a governor the most simple and cheap of construc- 
tion, beautiful in form, and in action, durability, and efficiency the most complete. 

The Valve. — Much difficulty is experienced from improperly-oonstruct^ valves, many valves 
being so constructed that large surfaces slide upon and against each other. The contact of these 
surfaces is expected to be steam-tight, and yet freely move against each otlier. This is a mecha- 
nical impossibility ; if such valve is anything like steam-tight, it will require a great force to move 
it; and should it gum or expand the least, it will stick so tight as to require a sledge to move it. 
If it is made to move freely, steam will pass between the surfaces, and in a short time cut a passage 
around the valve, instead of passing tnrough It. Such valves should never be put on engines. 
The valve attached to this governor is so constructed that its opening and closing do not depend 
upon surflaces moving upon or against each other, but upon surfaces moving towards and from each 
other. The impact of the passing stream is not upon and over the surfaces that are depended upon 
for closing the valve, consequently the cutting of the valve by the steam will never cause it to leak. 
The valve has two steam passages perfectly balancing each other. The steam can never make for 
itself false passages, as there are no joint or openings but the proper passages for the steam. 

Oraduating Valves, — An idea has been entertained that a valve should have an increased open- 
ing, tapering towards a point. Such valve will, as is intended, supply steam to the engine in a 
ratio differing from that of the action of the governor. To graduate the (quantity of steam to the 
engine is especially the office of the governor, and any attempt to effect it in the valve acknow- 
ledges the deficiency of the governor. If the valve openings are proportioned to the supply-pipe, 
a good governor will do all the graduating. The effect of a taper valve is but to lengthen the 
throw (n the valve. This becomes necessary firom the defects of the radial centrifugal governor, 
as it never acts at the proper time and always with a plunge beyond the proper point. For this 
reason the valve openings are made close, requiring a long throw, so that the defective governor will 
not at one moment cut ail the steam off, and the next throw it all on. Hence a graduating valve. 

The Governor as a Cut-off. — A good governor combined with a properly-constructed valve con- 
stitutes perhaps the best variable cut-off made. The capacity of the valve should equal that of the 
pipe ; the openings should be perfectly straight across without the least taper. Such a valve will 
require but very little throw, and a governor acting positively and simultaneouslv with any change 
of speed in the engine will either cut off all the steam when required, or give the boiler pressure 
of the steam from a change of speed impossible to be detected by the eye. With the usual variable 
cut-off the steam may be cut off near the beginning of tlie stroke, and no steam can be admitted 
until the beginning of the next stroke. If a heavv load be thrown on the engine immediate! v after 
the steam is cut off near the beginning of the stroke, the speed of the engine will be dragged down 
before steam can be admitted after passing the centre. 

Locomotive-Boiler 3fourUin(fs designed by W. Stroudley.^Viga, 2344 to 2352 illustrate a number of 
examples of locomotive-boiler mountings of patterns which have been successfully used for some 
time post by W. 'Stroudley, the locomotive superintendent of the Highland^ Railway, and which 
have also been adopted on other lines. The main features in these mountings are the external 
screws by which tne cocks are closed and opened, and the arrangement of double-faced valves 
wliich render packing unnecessary. Referring to Fig. 2344, for instance, which renresents a set of 
gauge-glass fittings, it will be seen from the sectional plan that the conical back of tbe valve when 
the latter is open makes a tight joint against a face provided for it, and thus prevents the passage 
of the steam or water past the valve spindle. In this instance, also, the back seating^ of the valve 
is, in the case of tlie lower fitting, so constructed that when the valve is screwed partially forward, 
a communication is opened between the gauge-glass and the waste-pipe. The screw by which the 
valve is moved is square-threaded, and is 2 in. in diameter outside, and 1-in. pitch. From its 



1190 



DETAILS OF ENQIKEB. 



poailion it obh bo Kttdlly oiled and kept in oider, and u its threada have ampla mrfhee, the Tear 
that |oe8 on is very amul. 

FiK. 2345 shovB an injector eteam-oook with a olear bore of 1^ in., and aa in this case it ia 
desirable that the oock maj be opened qniokly, the eoreir, which ia 2J in. in diejoeter outeide, ii 
double threaded, and is of |-in. pitoh. Another amaller injector steam-coeh with }-in. bore, ia 
shown by Fig. 2347, the opening «crew, which is double threaded in this ease also, being 2} in, in 
diameter onteide, and 1-in. pitoh. The tallow oook shown by Fig. 2346, the blow-off cook shown 







by Fig. 2348. and the blow-eook, gangMook, and mnd-plng, repreaented by Figs. 2850, 2351, and 
2352 feipectiwly, will require no special doecription, as their conatraotion is dearly shown by the 
eagTariogB. We may, however, point out that in tho ciue of the blow-off and (range cocks, 
Stroudloy nan V-threaded ecrews. 

In the cAse of the clw^k-boi shown by Fig. 2349, It will bo notieed that StKmdley plaoea tho 
jrtnl Eeoe m the nuder^de or the screw, and the steam and water are thus prereoted frwn getting 
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uaxaa to the Idtter. By thU meaiu all the dllDoiiIties incidental to acrewed coTen of the ordinary 
kind, inch, for icrtonce, as the Bticking and furring np of the sctevra, is Molded, and Btroudley 
found Ui4t the covers thus oomtruotod soitad well. 




3fatJuile CoBtr.—li is not entirely to ILe amount of metal out awsy that the wesknesi of ftn 
unguarded manhole is due the notion of Ifae cover playa an important part in the matter. The 
coven are generally placed intemally, and are held np by tha steam preemrs within, as well as 
being suspended from arched bridges ontside by bolts and nuts The joint is very seldom a good 
one, the curve of the cover does not always follow that of tbo boiler and as the surfaces oF the 
plate* at the joint are not dressed imnoth so as to make a tolerably tight jotal, a considerable 
■train ia frequently brought on the bolts. Hence we get the bolts pulling and the steam pushing 
at the plate, the result of the joint action tending, of oourse. to force the cover through the man- 
hole, and rend the boiler platee. The importance of strengthening the manhole with a mouthpiece 
and otherwise rendering it safe ii therefore very apparent ; it ia a remedial or rather a preventive 
measnre, very easy of adoption. To thia matter Joseph Ride has given hie attention, and has 
Invented an impmved manhole cover which we iUustrete, Figs, 2353, 2354. This oovsi has been 





a any pressure ol ,, „. 

forming the outer part, strengthens the shell of the boiler, thus preventing aooident through 
fracture of the manhole plate <n the boiler. 

A tfoHomtter is an inslrnment for measoring the rarity, or, what amoanta to the sams tbinf^, the 
eUstio force of gases, and especially that of steam in boilers. There are three principal kmds; 
frte ni'r, comprtiitd air, and miiallie manometers. 

A free air manometer ia an inverted siphon A M B, Pig. 2355, one end A of which opens Into 
the boiler and the other end B into the air. The lower p^ion of the tube is filled with mercunr 
up to a height or C which is the same in both brauohe* m bug as the pressure in the bdler Is 
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«qQa) t(i the preaanre nf the atmo^bere. But if the preeaore of tlie stenm eiceeda one atmoephere, 
the Itvcl bEDkb l)y b curtain quantity C D in the adjaceot bniiicb, nnd rises in the other braacb by 
a quantity C D', nhich is equal to C D if the diamctera of both hnmches are equal. The eicesa 
of tho presauro of the atnain over that of the atmoapbAe is measnieil b; the diKrenoe of levrl id 
the two braorhea : aoil if wo denote the presauro of tbe ateam to the square m^tro by P. that of the 
atmoaphere by P„ the weight of tbe oubio metre of mercury by n, Kid the height D EK by 2 A, 

P P. 

5 = if + »- m 

The quotienta — and -^ express the heights oF the ooliuniu of mercniy, the weight of which 
would be equivalent to the pteeeures P and P,: oalling these H and H„ we may write 
H = H, + 2*. [2] 

The empl^rmeut of this kind of manometer is prescribed in France by the BdminietmtiTe r^u- 
latiouB of 1843. It ia, however, open to tbe objeotion of TequiriUK a great height when tbe pressure 
in the boiler ia oonaiderable, for the distance DD' must l>e equal to as many times 0°"76 as there 
arc units in the numl>er of atmospheres expressing the eioeas of the measured pressure above that 
of the atmntiphere. Since tho date above alluded to, MM. Thomas and Laurens have removed 
this defect by giviug the Eiscenaion tube a greater diameter than the rest of the manometrical tube. 
This arrangement ia represented in Fig. 2i!56 ; a b and e if are tho two branchea of the iron siphon 
from 5 to G millimetres in diameter. The branch or aAn a b which communicates with the boiler ia 
surmounted by a caat-iron cylinder A A, which receives the condensed steam, and which is always 
filled with water. The arm cd is surmounted by a tube of thick glasa BB, the inner section of 
which is five or BJx times greater than that of the siphon ; affixed to this tube is a graduated 
acale II. In communication with the upper portion of the tube is an iron pipe D D. closed at tbe 
bottom and pierced with an orifice O in its upper portion. This pipe is mtended to receive the 
mercury in case the excess of pressure should raise the level n above tbe ordinary limit and force 
the liquid out of the tube BB. The effect of tbe enlarged section in the upper part of the aipbon 
is obviooa. If, for example, the section of the tube B B is five or six times greater than that of the 
arm a b, when the iuoreased pressure forcce the mercury down this arm by a quantity A, it will rise 
in the tube B B only } A ; and the manometer thna modified will require much less space. For- 
mula I'i] may be easily modified to render it applicable to this amngemenl ; but it is better (o 
graduate the scale II by meaiiB of a standard manometei. 



Biehard has adopted another amngement for reducing the height of the manometer, fbmided 
upon a principle long known, but which he has happily applied. This arrangemeDt consists in 
bending; th« tube a nnmber of time*, as shown in Fig. 2357. In tbe natural state, that is, when the 
preaaure in the boiler is equal to the atmoepherio preeaure, all the tubes are filled with mercury in 
their lower portions up to the aamc level m n which dindes tbem into nearly two equal parts, and 
the upper curves are filled with water. When the pressure in the boiler increases, the level of the 
mercury in the adjacent tube sinks by a quantity h and stands at a, : it rises in consequence in tlie 
next branch by an equal quantity and stands at b, ; it sinks by A in the third branch and stands 
at n, ; it rises by A in the fourth and stands at 6, ; and so on through the other bianclics, till it 

stands in the last at 6,. Let P„ P], Pp be the values of the pressures to the metro at tho 

points a,, a„ a„ . . ,.; P„ P„ P„ the values of the pressure at the points ^„ A„ A, : n 

the weight of the cubic mttre of mercury, and Q tho weight of the cubic mitre of water. €!ou- 
aiderin^ tlic levels '„ A„ u^ we shall have P, = p, -|- n.2A and F| — Pi + Q.2 A, whence 

P, _P, = (n-Q).2A. 
Wo find in like nmnnct 

■ P,-P, = (n-Q).2A, 
P,-P. = (n-Q).2S, 
P.-P, = (n-Q).2A; 
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whence adding member bj mombei, 



= n 2A, 



s-s=»['-*{'-i)} 



or, BobBtitDtiDg for ~ its value j, 



-l-^=2A[l + 4xO-9 



the nninbeT 4 which muUipliea 



+ 2A[l + 0'926(n-l)]. 
A compiegMd-Air manometer is also azi inverted ■iphon. having 



ID communication nith the boiler. Fig. 2:iS8 

When the presmire 

the same level m n in 
When the preBsure 
boiler, the level is depreaeed b; a quan- 
tity h in the adjacent arm, and etande 
at B, it ia, oongequeutly, raiaed by an 
eqoal qoautit; in the other arm and 
stands at A, the air in this arm being 
compressed by the ririnK of the mer- 
cury. If P denote the preaanre in the 
boiler, and P, the preasure of the atmo- 
sphere, we have flnt as the proauure at 
A after 



is the camber of thd lower curves of the tube diminished by 
lercury mee«nring the pressure 
e atiall have generall; 

naarmcloaeil while the other is 



iiler. hig. 'i:i5a represents the usual arranKement or tbu apparatus. 
boiler is equal to the pressure of the atmosphere, the mercury in at 




P = P,Y^j + 2HA, 

or H = H,~+2A, 

a formula eoabling us to calculate H or A knowing one of thew qnantities. 

The closed arm is provided with a scale a b, whicli may be graduated by meam of foimula [_S] 
or In comparing it with a standard manometer. 

Theee oompressed-air manometers are sometimes arittnged, aa shown in Fig. 2359. M N is an 
iron receptacle oommunicating with the boiler through the pipe U. This receptacle is provided 
OQ its lower side with a kind of bulbCCC. into wbkh the manometrical tube D D, which is 
closed at the top, plunges. The receptacle being partly Sited with mercury, the pressure of the 
steam depresses the level of the mercury in the receptacle by forcing it up through the tube 
which ia provided with a scale a b. Suppoeing m n the level of the mercury when the pressure in 
the boiler ia equal to tbo pressure of the atmosphere, if tbe level ninhs by i in the box M N, it 
will rise by n < in the tube, n denoting the ratio of the sections, XI and u of the box and of the tube. 

We shall have, therefore, P = P, ^ -t- (n-l- 1) i.H, or making ns = A, dinding by n and 

substituting for n Its value - 






iragam, H = H, ' 



Y^Ti^ 



m 



The indicatloiu of the manometei' ought strictly to undergo ooneetum relative to the change 
of temperature. But, asavariatioD of 15° oocasions ao error of only ^, and as eitnimc accuracy 
in measuring the pressure is never neoessarj, this source of error ia usually neglected. Yet, if ia 
be required to lake the temperature into acoonut, we may proceed an follows; — 

Takin;; the arrangement of Fig. 23511, let v be the volume oooupiod by the compressed air 
at n given moment, or the number of divisiona which it occupies in tho tube, and p the pressure of 
thin gas to the squaio metre. Wo shall have, putting ( tbt tbo tempaature and a for the 
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coeffloieot of eTpanrion, p = 10S34' • — (I + a i), Y being the Tolome of the same t^ nt 



5550 
» of 1 tqnsre metre iroiild be y 



The weigbt of ft oolimm of metoury haTing Uiia height end 
whiob is the preaenre exerted upon 1 square 



1+0-00018 
mHre bythecolnmn inqnettion. Hence we haTO P = 
u the unmber 10334 la the pndnet cf 13598 bj 0*76, we ma; write 

If T It nnknown. it may be determined by experiment, oaing this very fbnnnla [83- Per thie 
porpose wa most pat the Dnlb in conuamiiaation with tne atmcaphere, observing A the Muna 
moment the banunater. P Is then eqnal tathe preMttre of the atmoaphere ; we obo^e y, U and 1; 
all ia then known In the fonnnla except T, the vftlue of which we may thus detennine onoa for all. 



If Z ig the barometrical height ofaaer*ed, we have P = 103S1 . 



mibititvting this TsJne, the 



number 10334 vaniahea from the formnla, which enables tia to find Y more easily. 

The compreaaed-air manometer ia open to a gtave objection ; tlie oxy- 
gen of the air Dontained in the manometiical tube is gmdufdly abscsbed bv 
the mercnry, which becomea oxidixed; the volnme of oom^eMed air dl- 
miniahes, and the inatrnment indicatea too neat a pleasure. The gas haying 
no infloance apoo the meronry, might be aubstitated for the air. Bnt their 
fiagUity and gre«t cost haTSled to tho gradnal abandonment of air mano- 
meters, and to the snbstitntioD of a leas aocorate inatrnment, bnt one that ia 
leaa liable to injury and mneh eheaper. namely, the metallic manometer. 

Bttam WhittU. — An apparatus attached to a steMU-engine, thiongh which 
aieam Is rapidly diaoharged, prodnoing a loud ahrill whistle, whioh serves as 
a warning or signal. In Fig. 2360, a is a lube, 6 hollow pieoe, c o cnp, d thin 
brass oup, and ef atop-oooh. The steam iasuea from a narrow annnlar ori&sa 
aronnd the upper edge of the lower oup or hemisphere, striking the thin 
edge oF the bell above it, and prodocing sound in tha manner of an organ- 
pipe or oommou whistle. 

QmnecHng-Sod for Clayton and Shnttleworth*a Portable Engine, tec p 33, 





At/mwoM :— 1, Turaed middla part of rod. 2, Shiped tod. 3, Strap. 4, Bniw. .% CotUr. 
6, Gib. T, Set acraw to itcurt ootlar after adjiutinenl. 8, Oil-cup with wick and cork. 
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The Urge And ranftU bhiIb of this conneetlne-rad, Figs. 2361, 2362, being rimilaj, diffariog only 
a riie, the luue figiues ere put to denote Bimilai parts at either end. 

Cylitultr aith Staam-Jaciet for ClajtoD ftDd Bbnttleworth's Portable EDgins, Figs. 2363 to 




((.■ — A, CjIindcT. B, Stnm-jiicket. C, OpMiinga Tor mnoTiDg tbe core, proTidcd wilh 
n-tight covus D. E, Projsctiug flings to bald the cjliodar from lagging. F, ContaJDS ncket W 
for nniTing t)i« chimney ^t^t. 0, Opening ^xiae iccm for boring out the atmn-pipc in which the 
throttle tbItc works. H, Cooicil plag fov dodog G Eteam-tight. I, l^ihsutt puuge. J, Steun-chnt 
coier. K, Front cylinder corer, with gliad X for piiton-rod and projection Y, to whir^ the slide bars 
are bolted. L, Bscli CTlinder cOTer. M, GlandTor ilide-Ttlie ipindle. K, Sttam pcrti and [wngH. 
O, Eihaustport. P, Gland for Ihrottle-Tdve apindle. Q, Bottom of c;r><D^er raiting planed la segment 
of circle to fit barrel of boiler. R, Cjlindridl part carrTing the ttop-Tilie port S, snd having groOTe* 
T for iti^ T.TiJire to ilide in. Hart R projedi through into boiler, U, Screw Ihmd chased on 
part R for securing the cylinder to the boiler by means of a ring nut, in additisn to the unial Wta 
which ptas through the bottom flanges Q. V, Throttle Tslre. W, Socket far chimney rest, X, Pistoi- 
rod gland. Y, n^JKtioas from front cyUnder conr, to which the four ilide haia art bolted. 
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CranlhSiaft BrocM, Clajton and Sbuttleivorf h'e Pottable Enguiu, Figs. 2 




Stfertnca: — A, Under putt of bracket, planed to Kgmeal af circle to fit bnrrel of boiler. 
b, U, CelluLir; the parts of which ire arraoged Is give atrengtli and lightnen. e, C, Cup of 
brackeL d, D, OU-cup fitted with nick and cort. (, E, Thin plate to lock the bolts which listen 
the cap % C /, P, Side bmswt. g, Pocliing pieces, one to each siile biois. k, H, Set icteni for 

Siutiog aide lirauei /> F. I. Bottom bnm. J, Wedge for odjuiting bottom brov. k, K, Screw 
ti for moring ndjutting wedge J. 

Eeemtrie. — A contriyance for conYerting & oontinuona circular motion into a reoipTDcatiDK 
moticH). There are Beveiol kinds of eccentrics ; the circular, or eccentric, properly »o called, and 
Tarions other oontriTaDces bearing the name of eicentrics, but vhich are really cams, inch aa the 
heartshaptd tccenlric, the iriangalar eccentric, tccentrici ici'lA a anifomJy varied molion, and ao on. 

The oiraular eccentric conaiBts of a circular disc D, Fig. 2SC!I, nBuallf hollowed to diminiah its 
weight. This disc tnma about nn aiia O, perpendieulaT to its plane, bat which does not pass 
through the centre of the 



figure C, whence it 




bj a ring A A, called an 
eccentric ttrap, moTJng freely 
upon the oircnmferenco of 
the diao and connected b; 
rods A'B, A' li, called ecctn- '■ 
trie rod), with the extremity 
B of the piece to which it ia 
required to give a recipro- 
cating motion in the Btisight 
line X Y poasiug through the 
point O, in the place of the 
disc. The distances O C and 

B remaining invariable, the point B raoTes upon the straight line X Y, as if it w 
bj means of a connecting-rod of a length ItO, to a crank having a length 00 and its centre m u. 
In other words, the circular eccentric is only a variety of the arrangement denoted by the terms 
oonnecting-rod and crank. The law of motion will, therefore, be the same ; that is, if wo draw O H 
perpendicolar to X Y, terminating it at B C produced, we ahall have, putting u for the velocity of 
the point C, and c for that of the point B, 



c connected 



[1] 



a proportional to OU. 
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The oirenlAr eocentrio is employed in steam-engines to work the slide-valyes. The large 
amount of friction produced between the sheave and its strap renders the application of this eccen- 
tric impracticable in cases in which it is required to transmit a great force. The same may be 
said of all oontriTances bearing the name of eccentrics ; they are applicable only when the force to 
be transmitted is smuU. 

Another way of employing the circular disc to produce a reciprocating motion is to make it 
turn about a point O, Fig. 2370, taken on its circumference ; and, instead of enclosing it in a ring, 
it is made to revolye in a rectangular frame A B, A' B\ 
with two parallel sides of which it is constantly in contact. 
A rod fixed in the middle I and I' of these sides, and pass- 
ing between guides G and G', receives thus a reciprocating 
motion the extent of which is the diameter of the aiso. The 
law of the motion is easily obtained. Let » be the angular 
velocity of the disc, and r its radius. Taking the disc in 
any position, draw, through the centre of rototion O, O H 
perpendicular to G G', or parallel to the sides A B, A' B' ; 
and through the centre of the disc draw T T' parallel to 
G G', or peipendicular to the above-mentioned sides. The 

Soints T and T' will be the actual points of contact of the 
iso with the frame. If P is the point of intersection of the 
straight lines O H and T T\ it is plain that we shall obtain 
the law of the motion by expressing the distance T P as a 
function of the time t, reckoned, for example, from the 
instant when the point G was upon the straight line O H. 
But we then have G O P = w ^ ; consequently 



TP = TO + OP = r (1 4- sin. «0. 



[2] 




"-f 



Such is the law which it was required to obtain. It will 
be readily perceived that the distance T P varies between 
zero and 2 r. The advantage of this eccentric is, that the 
changes of velocity take place gently, and that the disc 
always acts normally to the sides of the frame or case. It 
would, however, give rise to a considerable amount of friction if the force to be transmitted were 
not small. 

Eccentric Strap, Fig. 2369. — The revolution of the eccentric in its strap causes an amount of fric- 
tion that must be considered ; the resistance caused by this friction is, however, easily calculated. 
If T represent the tension or the pressure exerted by the eccentric rod, the friction of the strap 
against the circumference of the eccentric will be represented by /T, / denoting the coefficient of 
friction ; ds being the element of the inner circumference of the strap, the elementary work of the 
force T will be /T</«, and the expression of its total work for one revolution of the eccentric will 

i2vr 

fTds^r denoting the inner radios of the strap. As the force T is not given analytically 

as a function of 5, this definite integral must be calculated by Simpson's approximative formula, 
having determined an even number of values of T corresponding to values of 9 in arithmetical 
progression. For this purpose we may trace the eccentric and its jod in a certain number of posi- 
tions, embracing altogether a whole revolution of the eccentric. For each of these positions we 
determine the force T, and, consequently, the friction /T; computing, at the same time, the arc s 
of the inner circumference of the strap included between the point of contact of the strap and of 
the eccentric for each of the positions considered, and the point of contact corresponding to the 
initial position. We may then trace two rectangular axes, representing as abscisssa the Values of 
8, and as ordinates the corresponding values of /T. The area of the continuous curve drawn 
through the ends of these ordinates will express the force sought. If the values of s are not in 
arithmetical progression, having traced the curve as described above, we may divide the extreme 
abscissa — that is, 2irr— into an even number, 2n, of equal parts; raising ordinates through the 
points of division till they meet the curve, and measuring them on the plan, we obtain the ordi- 
nates which are to enter into Thomas Simpson's formula. 

2 vr 
The first factor of this formula will be -^ — , a quantity proportional to r ; it follows from this 

that the amount of work consumed by the friction of the strap increases with the inner radius of 
the strap. On account of the large amount of friction produced, this mode of transmitting motion 
is resorted to only when a small force is required, such, for instance, as that needed to work the 
slide-valve of steam-engines. 

Parallel Motion, — The beam and counter-beam is an arrangement for ensuring the rectilineal 
motion of a rod. To the end of a beam O A, Fig. 2371, which turns about a horizontal axis in the 
point O, are jointed, on both sides, two equal rods having as their common projection on the figure 
the straight line A B. The ends of these rods corresponding to the point B, are jointed to two 
other equal rods projected in B C, turning about a horizontal axis in C, and forming what is called 
the counter-beam. In the middle M of the two former rods is fixed a horizontal axis, to which is 
jointed the end of the rod whose motion is to be in a straight line. To form an accurate idea of 
the motion which the axis M may assume, it will, evidently, be sufficient to consider the locus 
described by a determinate point M in a moving strai^rht line A B, resting at its ends upon two 
circumferences, the centres of which are O and C, and the radii O A and C B. This locus is the 
Lemniscate. It has the form of the digit 8 much extended vertically, the multiple point of which 
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IB situate upon the straight line joining the centres O and G. The tangent is, in this point, 
sensibly confounded with the curve throughout a long distance, a circumstance that enables us to 
consider, within certain limits, the point M as describing a straight line; we shall see later that 
the error in this way committed is practically quite inappreciable. The long-inflexion curve may 
be easily constructed b^ points ; for, if we assume the beam to be in any position A O, the point B 
may be found by the intersection of two arcs of circles described from the points A and as 
centres with radii equal respectively to the length of the connecting-rod, and to that of the counter- 
beam. Having found the position of the connecting-rod, we have only to mark on it the point M, 
whose distance from the point A is known. It is also easy to construct the tangent to the point M ; 
for if we produce the radius B till it meet the radius O A in I, the point I is the instantaneous 
centre of the motion of the connecting-rod (see M. Ghasle's theorem of instantaneous motion); 
consequently, by joining M I, we get the normal in M to the curve described, and a perpendicular 
drawn through the point M gives the tangent. Many mathematicians have endeavoured to find 
the equation of the long-inflexion curve ; M. de Prony, in an article inserted in the Annales des 
Mines in 1826, and M. Vincent, in an article contributed in 1837 to the Transactions of the Society 
de Lille, considered the question in an especial manner. 

Belanger's method of calculating the co-ordinates from the point M for a given position of the 
beam, does not lead to some practical results. Thus let O X and O Y be two axes, one horizontal 
the other vertical, passmg through the point O ; let M D and O D be the co-ordinates y and x of 
the point M with respect to these axes, and let O A = B, G B = r, A B = I, A M=X, A O X = a. 
Draw A H parallel toOX,AaaiidCP paxaUel to O Y. We have immediately 

Oa = R cos. a and Aa = B sin. a. 

Hence we deduce the distances G H and A H, and consequently the hypothenuse A G of the 
rectangular triangle A H G, and the acute angle G A H. In the triangle A B G, therefore, we 
know the three sides, and the angle GAB may be found by the usual methods. The sum of the 
angles G A H and G A B is thus determined, it is the angle of A B with the axis O X. Represent- 
ing this angle by $, we obtain, by the ftmdamental property of projections, 

« = B COB. a + A cos. fif and y = B sin. a — X shi. 0, 

This calculation is ndbessary to ascertain the deviation between the curve and the tangent to the 
multiple point, which a diagram even if constructed on a large scale could not make apparent. 
We thus see that, above the multiple point, the curve deviates to the right of the tangent at first 
and then approaches it, cutting it finally to form the upper loop. In the same way, below the 
multiple point, the curve deviates to the left of the tangent, then approaches it and crosses to the 
right to form the lower loop. 

2372. 
3371. a' 





Usually the beam and the counter-beam are made equal, and they are arranged in the following 
manner, according to the rules laid down by Watt. Let O A, Pig. 2372, represent the horitontid 
position of the beam, and O A', O A" the extreme and symmetrical positions assumed by it in its 
alternating motion. The angle A O A' is made equal to twice the angle, having as its tangents I ' 
hence we conclude that the value of the sine of A O A' is if , which determines the length O A of 
the beam when the length of the half-chord A' N is known. It may be remarked in passing that 
the value of the angles A O A' itself is 18« 55' 28". The counter-balance is so disposed that, in 
Its horizontal position, its extremity B may be upon the chord A' A" produced, and as the excur- 
sions of the counter-beam are here equal to that of the beam, it follows that the point B is in its 
turn upon the chord produced B'B" which joins the extreme points of the arc described by the 
end of the counter-balance. The point M being in the middle of the connecting-rod, it follows 
that the point M, corresponding to the mean positions A' B' and A" B", are in the same straight 
line oarallel to the chord A' A". Hivirlincr a V infn f»n onnai na^a A' A" €kT>A n'n" being 

rthe 
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U » Tectangle; and H'H" (■ eoDfoonded irith one of Iti middle lines, aince It ia at an cqtul 
diitwue from A' B and AB": therefore, the middle H of the diagonal A B ianpoaHH'. Finallj 
the point H is also the middle of the diagonal N Q. which is ooe of the middle linei of the 
ptuvllelogram A'B' B" A"; therefore, the poiat M is the middle of M'M"; and tbia straight lioa 
u eqoal to A' A" or to B'B". But U'M" is the strobe or travel of the rod to be guided; the chord 
A' A" should, tUerefore, be tokea eqaal to this stroke. In this diagram the length A B of UlA 
connecting-rod lias been taken arbitrarily : but Watt reoonuDeods t& adoption of a length eqiuil 
to the chord A' A", or at least to the f of this chord. 



e porticDluly the n 



if Watt's curre, 



a have seen, to the right of M M', and raturuB in M'. passing thence to the left ; but 
the caloulation shows that the greatest deviation helncen the cnrve and M M', which happens at 
about Jof this distance reckoning from H, does not reach 0-0O03 of the radius O A; the same 
deviation oonurs on the left of H". Tbia deviation, it wilt be perceived, is altogether imf«Tceptible. 
H. TchebjcheCf, in a learned commmiiCBition to the Memoires de I'Academie de Saint -Petersbonrg, 
has demonstrated that the proportions adopted b; Watt are not thcee which correspond to the 
itiinimnm of deviation ; but they have been generally adopted on account of their simplicity. It 
hsa also been shown that the deviation ma; be diminished by making the chord A' A" greater than 
the stroke of the rod to be guided, because in ttiat case the Joint of the rod would not reach in its 
motion the poaitions corresponding to the maximum of deviation. But this would cause another 
objectionable feature, namely, a useless increase of the dimensions and weight of the beam. 

Straighl-Lati Valvt-Xotion, Fig.2373. — By this arrangement, invented by A. Allen, simultaneous 
movement is given to the e«centrio Hids and link and to the valve-rod, io oppoaite dileotiona, bjr 
abort levarB placed <ai opposite sidea 
of the reveninK shaft, thereby ob- 
taining a atiaight link. This Valve- 
motitMi ts easy of reversal, balance 
weights are dfspenied with, and the 
slidfaig movement of the block ia 
reduced. The only flzinga required 
are the reversing - shaft biacketa. 
Host aocurale results as regards an 
equal distributiou of the steam can 
be obtained by this motion ; while 
&om the simplicity of- the motion 
and from the link bein^ straight, in 
place of curved, repairs are mors 
eoonomieally executed. 

Prtuare Steam-Oav^e, FotUr't Direct-acting. — With reapeot to accuracy, durability, mechanical 
anangemeut, and efficiency, no spring steam-gauge that tuts fallen under our notioe, and we have 
1 „. 1= ,\.^i of Foatar, Figa. 237* to 3376. 




"^a""""* many, equals that of Foater, Figs, 21 




la removed to show the position of the spring, the spindle and Its sorew- 
ueu flat spring of this Kaoite is shown in nlan Fif. 2378. of which A. 

Pigs. 2 DO— C-. 

e made to indicate up to SOO lb*, without Increase of siie. A plate of Tuleanized 
Br B, Fig. 2377, reaU upon the spring. O, Fig. 2377, ■tdndte with sciew-ahaped slot : one end 
ia apindie leata in a aoeket-pleoe fixed in the centre of the apring A : the other end baa the 
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indoz hnnd P fix<s\ to it. The meana employed to commiiaic&ta a rotai? motion to tlie gpindlo ia 
by a Sinai 1 pin fixed in the sooket-pieoe at right anglea, which obtrudes into the slot O, Fig. 2377. 
Now as Uie pressiue on the plate of robber defleots the apring, the pin slides up the slut anrl 





oanwa the spindle with the Index to 
levolTs; tbe reverse action taking 
place when the pressure u being re- 
niovod. These gauges of Foster and 
Bamctt are extremely simple in con- 
struction; there is nothing to get out 
of order, the spindle which caniea 
tiie hand has only its own weight to 
support ;— they are very sensitive, as 
tbe sliehtest pressure is immediately 
Bhown by thohand. Foster and Bar- 
nelt cany out the same principle in 
weighing machines, which iihows that 
the action of a spring so formed ia 
uniform. One of those weighing 
machines Is shown in. Figs. 2381 to 
2383. Fig. 2381 is a plan. Fig. 2382 
an elevation, and Fig. 23S3 a sec- 
tion. F, F, F, feet or supports. C P, 
Fig. 2382, the pointer. S the scale 
or dish of balance. The slot, of 
which we have before spoken, is well 
defined in Fig. 2383. 

J-abrication of Steam, — It has been 
fonnd advisable and generally neces- 
sary to grease the interior of the steam- 
cylinder; sometimes the slide-valve. 
If the steam is very wet, the attraction 
of tbe walls of tbe cylinder cansea a certain quantity of water to be deposited i 
friction is not cioessive enough to oanee tbe engine to groan, benoe engines art 
with in which, because of the wetneu of the stoam used, there are no special mei 



n them, and the 
oocasionally met 
us of lubricating 
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the internal nibbing piurfs of the steam-eylinder. But it has been found more economical to have 
the steam superheated or at least somewhat dry ; it then appears more or less blue when let off 
into the open air. It is for such cases that special means of lubrication are necessary. The 
prevailing method is the grease-cock on the stc^im-cylinder, and sometimes a smaller cock on the 
slide-chest. The grease-cock is in the shape of a hollow ball with a cock above and another 
below. A cup of the same capacity as the ball surmounts the upper cock. The latter being closed, 
the cup Lb filled with grease, generally tallow, the lower cock shut and the upper opened, when the 
cup wul empty its contents into the ball, and by then closing the upper and opening the lower 
cock the tallow is drawn into, the cylinder. It is singular that such a rough contrivance is still 
extensively used, while shafting is generally lubricated by some sort of self-acting means, such 
as capillary attraction in a wick, or oy the needle lubricator. No sensible person would say that 
he preferred to empty the contents of the oil-cup into the bearing at once, and yet engineers do a 
similar action when they use the old grease-cock on the cylinder. 

Of late years the subject has been agitated oonaiderably, and locomotives for instance are 
now seldom seen without some self-acting means 
for g^reasing tiie steam continuously before enter- 
ing the slide-valves. Also among stationary and 
marine engines the principle is being successfully 
applied. By lubricating steam not only is the frio- 
tion of piston, sHde-valve, piston-rod, and slide- 
rod reduced to a minimum, which means a saving 
in fuel, but there is also great savins; of tallow 
and oil. Among the best known and approved 
lubricators may be named those invented by 
Bosooe, Wilson, Bamsbottom, Clements, and 
Gamble. The last named, of which Fig. 2384 
is a section, is perhaps the simplest and most 
practical of them alL Supposing it to be con- 
nected to some part of the steam-pipe close to 
the slide^est ; the steam, entering through the 
cocks A, passes through D into the lubricator, 
which is filled with ti^ow B, H, up to the level 
F, 6, of the steam-pipe, and stands over the sur- 
face of the tallow at O. The steam condenses, 
and, water being heavier than tallow, falls to the 
bottom, thereby displacing a certain quantity of 
tallow which is thus forced over into the steam- 
ipe in a constant, slow, and dribbling stream, 
^o meet the various requirements of the various 
engines and the various temperatures the lubri- 
cators are placed in, which of course produce 
a nicker or slower condensation of the steam in 
lie lubricator and consequent quicker or slower 
feed of tallow into the steam, there is a simple and 
ingenious contrivance. It will be observed that 
the steam-pipe at its termination in the centre of 
the lubricator has a small hole at the tallow level, 
for the entrance of the fresh steam into the lubri- 
cator and the egress of the greased steam. The 
steam-pipe has a siphon-pipe screwed into the 
bottom, reaching nearly down to the inside bottom of the lubricator. Into the inside top of the 
siphon-pipe is screwed the small regulating pipe, which has a small hole in its side, and has plenty 
of play round it where it passes through the steam-pipe. If this pipe is screwed down so as to have 
the hole in its side below the steam or talbw hole, then, owing to capillary attraction, the water will 
take the preference, and will continue to be siphoned out from the bottom as fast as it comes in and 
condenses, so that little or no lubrication takes place. On the other hand, if the regulating pipe is 
screwed up so that its hole comes somewhat over the tallow hole, then no water will be siphoned 
out irom the bottom, and a very plentiful lubrication taJses place. In any intermediate position, 
partly water and partly tallow will overflow into the steam-pipe ; the proportions can be regulated 
to the greatest mcety. A strainer E is fixed over the filhng hole, so as to clear the tallow if it 
should oe dirty. See Aib-Pumf. Boilebs. Buffeb. ^gines, Varieties of. Fuel. Gearing. 
Indigatob. Link-Motion. Looomottves. Marikb Engine. Mechanical Movements. Parallel 
Motions. Pumps and Pumping Engines. Slide-Valves. Springs. Stationary Engines. 
Steam and Steam-Enginb. 

DEVIL. TtL.jLoup; Machine a ouvrir ; Geb., WoUbrecher; Wdf; Ital., Diavolo. 

Devil is a rude term applied to a machine containing a revolvmg cylinder armed with spikes 
or knives, for tearing, cutting, or opening raw materials, as cotton, wool, rags. 

DIAL. Fr., Dyal ; Ger., Zifferhlatt ; Ital., Orologio solare ; Span., Reloi de sol. 

A dial is an instrument for showingthe apparent time of day from the shadow of a style or 
gnomon on a graduated arc or surfiace. When the shadow is cast by the sun, it is also called a sun- 
dial. 

The term dial is applied to the graduated face of a time-piece on which the time of day is 
shown by pointers. A miner^s compass is also termed a dial. See Compasses, p. 1015. 

DIES. Fr., Matrice; Ger., Matrize; Ital., Matrice; Span., CuHo^ Matrix, 

See Hand-Tools, Stocks iand Dies. 
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DIGESTEB. Fr., Marmite ; Geb., Kalcinirtopf; Ital., Digestort ; SpAK^ Jfarmtta. 

A digester is a strong closed vessel, in which bones or other substances may be subjected, 
iiaually in water or other liquid, to a temperature above that of boiling. 

DISPLACEMENT. Fb., D^placement ; Geb., Versetzung ; Ital.^ Spoatcanento^ Portata ; Spait., 
Liquido desalojado. 

Displacement. — Bodies, says J. Scott Russell, which are designed to float in water, must be so 
designed, that when they are put into the water sufficiently far to swim just so much out of the 
water as is intended, the part in the water shall be of the exact size necessary to displace 
the quantity of water intended, and that the body which floats shall be of the exact weight of 
the water it displaces. 

Let us see what will happen if this be not accurately done. Suppose the bulk of the body has 
been made too small for the weight which it is intended to carry, the vessel will sink deeper into 
the water than had been intended ; and by sinking so much it will displace the additional quan- 
tity of water necessary to make up the extra weight, and so, though it swims, it will swim too deep. 
More displacement must therefore be found to meet the deficient weight ; the vessel, which was 
intended to swim light, will swim deep in the water, unless her weight be diminished by lighten- 
ing until she return to her intended former depth. What is to be taken care of in the calculation, 
therefore, is, that at whatever depth it has been decided that the ship shall float in the water, — or, 
which is the same thing, at whatever height the upper part is to float above the water, — in that 
position the bulk of the part in the water, and the weight of the whole ship and its contents, must 
be so designed as to be exactly equal to the bulk of the water to be displaced by the ship, and the 
weight of the water to be so displaced. 

In a ship it is necessary to oo more, however, than calculate one displacement. There are two 
critically important displacements to be calculated for every vessel— displacement when she is 
Iving in the water ready to take in her cargo, or in the lightest state in wluch she will ever swim, 
that is, with a clean-swept hold ; this is technically called light-displacement. The other is load- 
displacement, which is calculated for the heaviest cargo she will ever carry, and the deepest draught 
of water to which she will ever sink under load. These are the two critical draughts of water, or 
depths of the ship in water. 

To calculate tnese, the constructor must first ascertain the exact weight of the hull of the ship. 
He must include in the weight of the hull all the essential parts attached to, and connected with, 
that hull. He must add to that the full equipment neoessarv to fit her for sea-going use ; but ho 
must not include those stores — ^water, provisions, coals, and so on — which are to be consumed 
in actual service. This weight of hull and equipment for service constitute the data on which to 
construct the light-displacement of the ship. 

The load-displacement is next to be calculated. The data for this consist, firstly, of the light- 
displacement, and secondly, in addition to this, of all the stores, provisions, water, coals, and con- 
sumable commodities to be used on the particular voyage intended, together with the cargo or 
freight of every kind which has to come on board. 

To the light-displacement corresponds what is called the light-draught of the ship, and to the 
load-<iisplacement the load-draught. There is also the light-trim of the ship, and the load-trim of 
the ship. In some foreign tongues draught is called deep-fjointj of the ship, and this phrase gives 
the exact meaning of draught. Trim means dificrence of draught, or rather the difference between 
the depth of the after part of the ship under water and that of the fore part. 

It IS usual to give a ship such trim that the draught of water abaft is somewhat deeper than 
the draught forwaid. In this case she lb said to be trimmed by the stem. If it were the contrary, 
she would be said to be trimmed by the head. This is what is meant when it is said that a ship 
is trimmed 2 ft. by the stern, or 2 ft. by the head, this difference of 2 ft. either way being techni- 
cally called the trim. When a vessel is trimmed neither by the head nor by the stem, but draws 
the same water forward and aft, she is technically said to be on even keel. It is usual to take a 
middle draught, half-way between the fore and after draughts, and to call that the mean draught 
of the ship ; so that a ship which is trimmed to 21 ft. at the stem and 19 ft. at the bow, is said to 
have a mean draught of 20 ft. In this case it is common also to call this the draught of water of 
the ship, and to call the greatest draught of water, whether at the stem or bow, the extreme 
draught. In calculations of displacement we generally use the mean draught. 

The elements to be considered in calculating displacement are as follow ; — 



1. Dead-weight when light. 

2. Dead-weight when l(^en. 

3. Light-draught of water. 



4. Light-trim. 

5. Load-draught of water. 

6. Load-trim, 



These elements settled, we can now calculate exactly the displacement of a ship of any given 
form, of which we may possess a design— firstly, for her light-draught of water; secondly, for her 
load-draught. 

First, for her light-draught, we mark off on the drawine of the ship the exact part of the body 
of the vessel which will be under water when she floats light. We call this the immersed body of 
the vessel (light). We then measure exactly, and calculate geometrically, the bulk of this im- 
mersed body. This bulk will be expressed in so many cubic feet— say 18,000. We next take the 
weight given for the ship and her equipments when light — say 500 tons. 

Now we know that a ship will float at a given draught of water when the quantity of water she 
displaces is of exactly the same weight as herself. In this case her weight is given as 500 tons. 
The question, therefore, is. Whether the volume of water, namely, 18,000 ft.— which is the bulk of 
the immersed body, and which is, therefore, the quantity of water displaced — will weigh more or 
less than 500 tons? 

Now it will be found that the bulk of 500 tons of water is just 18,000 cub. ft., and the displace- 
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xnent of the ship, as mcaatired, is also 18,000 cub. ft. ; this, therefore, is the true light^isplaoe- 
meni 

Secondly, for her load-draught, we mark off on the drawing of the ship the exact part of the 
body of the vessel that will be under water when she is deep laden. We then measure exactly, 
and calculate geometrically, the bulk of that part of the vessel which was formerly out of the water, 
but which has now been sunk under it b^ the lading. This bulk is, we will say, 36,000 cub. ft. 
Thirty-six thousand cub. ft. of water weigh 1000 tons ; therefore 1000 tons is the dead-weight of 
cargo which the vessel will carry on the given load water-line. 

But the total load-displaoement of the ship consists, first, of the light-displacement of 18,000 
cub. ft. ; second, of the lading-displacement of 36,000 cub. ft. more ; so that the total displacement 
of the ship, when laden, is the sum of the two, or 54,000 cub. ft. The immersed bodv of the ship 
at the load-draught has therefore a total displacement of 54,000 cub. ft. ; and the snip, with her 
cargo, floats a total weight of 1500 tons. 

It is thus that the simple law of Archimedes reduces the question of calculating the weight a 
ship will carry at a g^ven draught of water, to a mere question of measurement of the bulk of that 
part of the ship which will then be under the water, and which we have called the immersed body. 
For every cubic foot of that immersion we allow the weight of that cubic foot of water, and thence 
obtain the number of tons weight the water will support. This is said to represent the floating 
power of the ship ; it really represents the buoyant power of the water acting on the outside of tho 
ship. The ship itself has no power to carry anything or to float ; all it does is to exclude the water 
ana enclose the cargo. T&e snip is merely passive — ^the water carries both the ship and her cargo. 
Buovancy is, therefore, the power of the water to carry a given ship. It is proportioned exactly to 
the bulk of the body of the ship under water, and its force is measured by the weight of the water 
displaced, and which we have called the 8hip*s displacement. 

There is an important conclusion to be drawn from this law, and it is, that the 'floating power 
of a ship has nothing to do with the shape of the ship, but is entirely due to its size or oulk. 
Practiced ship-builders, ignorant of the laws of naval architecture, have imagined that they could 
oonfer surprisiDg powers of flotation, and ability to carry heavy weights, merely by giving proper 
shapes, imagined by themselves, to the immersed bodies of their ships. Bome of them, of oon- 
siderable eminence, have been known to pass a long period of their lives under this delusion, and a 
very disting^uished one even wrote a treatise on the subject ; but the delusion passed away, and the 
authority of Archimedes was re-established. The fact, however, of the existence and practical 
application of the opposite opinion tends to show that the principle of flotation is by no means self- 
evident, and the discovery of Archimedes had great ment. Its practical value to us is its admi- 
rable simplicity, its unquestionable authority, and its absolute exactness. To understand its nature 
is, however, less easy than to appreciate its value ; and it will take a great deal of thought to 
understand thoroughly, why no possible invention of shape can give to a ship the power of greater 
or less buoyancy, than is measured by the exact weight of water which fonns its displacement. 
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tons s — toDS nearly, and 1 ion = 36*84 (L distilled water. 

35*84 36 ^ 



t 64 ponndss --- tooaezacUy. and 1 ton = 36 ft salt water. 

X The Imperial gallon la defined by the Act of 6 Geo. IV., c 74, as containing 10 poonda of distilled waiar. at a 
tanperatare of 620-5 Fahr., and also aa measuring 277*274 cub. tn. If we take ordinary f^eah water at a lower tem- 
penitore (40O Fahr.) as onr standard, a cnblc foot of fresh water will weigh tsaetly 1000 onncen, or 62*5 poonds. AH the 
flgares given above are correct -rithin a very small fractioa 36 cub. ft of fk«ah water and 3ft cnb^ ft. of aalt water are the 
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Btn^ form of VmssI, as an Experimmial Shape, is a Sox,— To nndentand the fonotima of the 
ahonlder of a aliip, and those of the bottom, nnd the tendeno; of hoth to eRect the stability of the 
fillip, it will Dot be necessary to consider on; but the simpl^ form which can float. I.et ua take 
for that purpose b square box of large size, say :)G ft. wide, 27 ft. bigh, and of indefinite length, 
and let ua aiek it b^ a weight to 18 ft, deep in the water. Each foot long oT a box baring this 
breadth and height will carry a ton weight, for every foot of ite depth in freah water. Being 
fIG ft. wide, a foot in depth displaces il6 ft^ of water, tlie weight of which ia 1 ton ; therefore, 18 ft. 
deep will weigh 18 tone : and suppose the box itself to weigh 6 tons to a foot forward, the Teaael 
would carry beaidea itself a weight of 12 tons. Let db draw iu the figure auch a bax,~Bnd acrosa it 
the line of the surface of the water, which we shall call alwaya the wator-line. Let the weight on 
the box be also a box, filled with hear; lead or iron, represented in Fig. 23S5 as plaoed on the 

This box truly represcota a ahip, the weight tmly Tepreaenting a heftry deok-lood, proposed ta 
be carried by the ahip. - It may reprteent the weight of on armament of artillery, or Uie weight of 
an iron-ooated battery, or on; other top-load 




The qoeetion la, the ability or tnability ct fbai ahip to carry that weight at that height oot of 
tho water. For this purpo«e wo must conoitive it to lean orer on either side, and then examine 
whether it tends to return to the upright position and ataod up, or to overset and let the weight 
into the aea. l^ct us, therefore, draw the ship in these two positions. Pigs. 2386 to 2388. When 
we hare done tlits we shall aeo that there ia a part of a ship which is never out of the water, but 
keeps always under the water-line. Let ua Hhode this part differently from the other. It ia called 
the under-water body of the ship, and it is also called the npsetting part of the ship. This under- 
water body is bounded by, first of all, the bottom of tbe ship; seoondly, by the bilges, or comers of 
the bottom; and thirdly, by a water-line of tbe ship in eecb of its two opposite poeitiona. It is, there- 
fore, pointed at tho lop, where It forma an equal-sided triangle, the apex of which is in the water- 
line. Two flat surfaces, therefore, form the top of this undcr-water body, ond the rest of it form 
the bileea and bottom, or under-water akin of the ship. It ia thia ahaded port whose action is to 
npaet the ship. 

Let us now examine the natore of the npeettiug force produced by the under-water body, 
Figa. 2389, 2390. For this purpose, I observe that it is a symmetrical body, the right and left 
aides being of the same aize, of the same shape, and in the original upright poaition of the body 
exactly balancing each other on both sides. 

We may, therefore, take its whole effect aa oonoentnited in a point in its middle line. This 
point we shall call B, or centre of effort of the under-water body. 
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and downwards; irhon the ship careens over to the left, the weight also inclines to the left, and 
downwards. 

Wo have marked the direction of its e£fbct by the line downwards from W. 

ass9. 





It will now be observed that when the ship is lowered on the right side, the ofTeot of the weight 
from above is to press it downwaids on that side. Unluckily, at the same moment the effect of the 
under-water body is equally bad, raising the opposite side out of the water. The ship is beset by 
two opposite forces, which, nevertheless, conspire in their bad effect : one sinks the right in the 
water, while the other lifts the left out of the watei, so that with opposite means both overset 
the ship. 

Stability. — The substance and sum of what we know of the nature of stability is this ;— the 
shoulders alone give to the ship righting or uprighting power. No other part of the ship can be 
so formed as to increase the righting power g^ven by the shoulders. The righting power given 
by the shoulders is equally effective in squaring the ship to the water, whether it bo still water 
or wave water. 

The bottom of the ship, or the nnder-water body, can in no way help the ship to keep upright ; 
there is no kind of bottom on which the ship can be said to rest in the water ; the most that any 
underbody can do, either by shape or size, is to take less away from the stability given to the ship 
by the shoulders, than some other shape or size of underbody takes away. Size of bottom, there- 
fore, or quantity of under-water body, lessens the stability of a ship; and has to be counteracted 
by the power of the shoulders. In short, bottom upsets the ship ; so much so, indeed, that if it be 
large and powerful, it may take more than the whole power of the shoulders to keep it down, and 

Erevent the ship from capsizing. A large underbody, Uierefore, weakens the effect of the shoulder, 
y the whole of its upsetting power. 

It is only, therefore, the surplus power of the shoulder remaining over and beyond what is 
employed to keep down the underbody, which we are able to make use of in carrying press of sail, 
or in supporting top-weight out of the water. If there be any such surplus, it is oxmt business to 
find out how much that is ; if it be enough to carry press of sail, and enough also to carry top-, 
weight, then the ship may be able to do without ballast. 

Ballast, in the general sense of the word, signifies weights carried under the water, as 
distinguished from weights carried above tlie water, or top-weight. There are two ways of 
ballasting a ship ; one is, by real lading, or stowing heavy weights under the water ; the other is 
by putting weights, which are not parts of the lading, nor essential parts of the ship, low down in 
the water, for the mere purpose of helping the shoulders to carry top-weight. Weight placed 
under the water, in either way, may be said to have the following effects ; — First, by l^nng under 
the water as far as the top-weights are above it, it neutralizes the bad effects of these top-weights, 
and balances them. In this way under-water weight helps the shoulders to carry top-weight. 

There is another way of looking at the effect of under-water weight in giving stability ; it aids 
the shoulders in keeping down the underbody. In this way, as well as in counterbalancing top- 
weight, under-water weight helps the shoulders. 

Thus it is that there come to be three agents in stability ; two arising from shape alone, and 
one from disposition of weights. The shape and size of shoulder give stability of form. Tho 
shape and size of imderbody give instability of form. What of the power of the shoulder remains 
beyond counteracting this underbody is the true surplus stability, or measure of righting power, 
for that- form. This surplus is all that can be used for navigating a ship and carrying ner top- 
weights. If more stability be wanted, it can be obtained by weight alone. All the weights of a 
ship, which have their common centre of gravity in the middle of the ship, just between the two 
shoulders, neither help the stability nor hinder it. Only weight placed below the middle of the 
shoulders gives help, and increases stability; and if the centre of all the weights of ship, cargo, 
and ballast, taken together, fall above the water-line, the surplus power of the shoulders may 
enable her to carry sail. If not, there is no resource left but to lower the weights in her, or place 
ballast in her bottom ; in other words, to supply the defect of stability of form by adding stability 
of weight. 

As, therefore, stability of form is that power which the naval architect alone can confer on his 
ship: while stability of weight may afterwards be regulated by those who lade, and control, and 
navigate the vessel ; the form and action of the shoulders are the province in which the skill, 
contrivance, and forethought of the designer can be most powerfully and usefully employed. We 
shall, therefore, proceed to a general examination of the powers and properties of shoulders. 
We may take shoulders as meaning those portions of a ship which, in heeling contrary ways, 
rise out of, and sink into, the water; or the parts of the ship between wind and water; what is 
below the shoulders being bottom, or under-water body ; the remainder, above the water, being 
called top-sides. 

Piwer of Shaulden to carry Shifting Weight. — The power of the shoulders of a ship is diown 
when heavy weights, which tend to overturn the ship, ore sustained above tho level of the water ; 
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tAao, when they enable a ship to support heavy weights shifted out of the oentze towards either 
side ; also when they enable the ship to stand up under press of sail. This being the nature of 
the work the shoulders have to perform, in order to prevent the oversetting of the ship, the manner 
in which they aooooiplish the work is a3 follows; — One shoulder sinks deeper into the water, 
the other rises out. The effect is, that the shoulder in the water is increased in power by the 
quantity which falls into the water ; and the other is diminished in power. Thus, the burden 
which one shoulder can carry becomes greater than the other ; and the question arises, whether 
it thus becomes great enough to bear the additional force thrown on that side of the ship, or 
whether the force is too great and overturns it. 

The question, how much the power of a shoulder is increased by its depression under water, 
depends on its size and shape, and on the place of its action. If the two shoulders are equal, and 
equally immersed and vertical at the sides, then the whole weight carried by both shoulders may 
be shifted to one side of the ship, to the extent of nearly \ of the breadth of shoulder, without 
overturning. 

This may be well understood by studying the engravings which illustrate stability. Figs. 2891 
to 2396 show a pair of shoulders carrying weight out of water. First the whole is shown supported 

?391. 
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in the middle by the joint power of both shoulders : next, each shoulder is shown carrying its own 
weight ^ from the outside, and supporting each its own half without help of the other; next, one 
shoulder carries all its own load and also half of the other's; finally, the whole weight is carried 
on a single shoulder, the other being entirely relieved. 

Figs. 2397, 2398, show exactly how these forces of the shoulders act. The centre O is the 
turning-point of a lever ; the points B and B are the centres of displacement of each shoulder. 
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When they are equally in the water, their joint effect is on the middle; when unequal, their 
resultant effect moves over to the side of the more immersed shoulder. 

Figs. 2399 to 2411 show the effects produced by the different immersions of one shoulder to 
equally increasing depths. With every increase of depth the centre of joint support shifts towards 
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one side by a given distance, and the extreme ehift ia 
measured by the total immersion of one shoulder and 
total emergence of the other. With each immersion 
the total weight carried is shown on these figures at 
the point at which it is exactly balanced by the sup- 
porting forces. 

Fig. 2412 shows the manner in which the centre of 
power of the pair of shoulders shifts with the difierent immersions of shoulder ; each snccessiTo 
centre of effect being marked 1, 2, 3, 4, 5, 6, and so on, for the corresponding soooessive depths of 
shoulder. 

2112. 
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In the cases already examined, the depths of the shoulders are limited by angles of heel of 7^ 
and 14° angle of Bhoulder. This is the standard angle for war vessels ; but for merchant ships 
we use a heel of 14° 2\ or 28° 4' for the angle of shoulder. This angle of shoulder is shown in 
Figs. 2413 to 2416, and the manner in which the centre of action of ue pair of shoulders shifts 
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over to the sinking side is shown also. In Fig. 2416 the point under the centre of the shoulder is 
the centre of an arc, in which all the effective leverages of each shoulder lie. 
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In F^. S417 the depth of shoulder 

is taken as extreme. The centres of 
Bctlon nra shouru in each shoulder, 
and the joint centres of the pair ars 
also shovn. It ia nrorlhy «F notice, 
tlfal while the sinking of one shoulder 
and rising of the other take place to 
unifona successive depths, the centre 
of joint effect shifts over also h; 
ncArly eQnal steps to the siobing side. 
Depth of shonlder, therefore, makes 
no material chnngn in the Inw of 
shift of the eentro of action of theso 
slioulilcrs. Ench balf-incli of dip of 
shoulder enables them to carry a 
corresponding shift of nearly one foot 
of veight. 

On the Reltttiom ietteten Vit Shifting 
Poiar of Shoulder and the Shifiijej I'lace 
of fijicd Top- WeijfAf. — Hitherto wo 
have shifted the weights across the 
shoulders, so as to place them diiectt; 
CTCi tho points of joint action of the 
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■houldera ; ■nd fhiu we have made an aimngnncDt hj which tho weight and tho BLiftinR; aapport 
exactly meet. But, in fact, the top-weight of a heeling ship follows a law of ^ift oi its own, 
whiob is quite indcpeadout of tho ahift of alionlder. For each inch of heel of ihouldcr the flicl 
top-weight will incline over to the sioking aide through the are of a circle, and deecribs a given 
number of degreee; and it depends entirely on the height of the weii^ht above tho water wliat 
lengtii the arc shall be, throngh which tho weight will tie ehifted with that inclinatiou. When 
(he height is great, the are large, the top-weight inny travel fnater than the point of aupport 
■bifta, and npeet: or it may travel slower, and stand. It depends entirely on whether the 
weight travel^ slower or quicker than the poiut of support shifts, whether the ship is stable or 
nnatablB. 

Figs. 241S, 2419, show these two casee. In the former the weight is high, uid travels faster to 
the noking side than the centre of support at the shoulders, and so wooM upset. In the latter, 
the centre of effort of the shoulders travels the faster, and gcta always beyond the line of weight. 
BO as to right the ship. It is also noticeablo that, by lowering the weight in Fig, 2418 to a height 
■hown by a dotted line, the shift of the weight might be diminished bo as to beoome, at a certain 
point, exactly eqnal to the shift of centre of action of shoulder ; and then the body would rest 
inclined exactly in that position. This dotted line, therefore, indicates the limit between stabilitj 
and instability. It may t>e called the lino of balanced stability. 

"ouad Shaulderi, — We have hitherto taken tlie shoulders, when npright, as having atratgbt 



vertical sidea, which ia the i 
and ahowa a similar equable shift 
of the centre of joint action of 
the shoulders with the heel of the 
ship. Fig. 2421 shows that the 
fixed top-weight shifts by a law 
which is not oniform. The shift 
of the oeittre of effort is nniform, 
and that of the weight is de- 
creasing. The top-weight shifts 
faster tban the centre of support 
A dotted liae shows whore the 
top -weight should be placed, 
exactly to balance the support 
due to the position. The power 
of shoulder to oerry weight de- 
pends, therefore, on this simple 
qnestion. Whether the centre of 

Saint effbrt shifts &ulher and 
aster than the centre of the top- 
weight travels in the same direo 
tioD? and ereiy case that can 
arise may he solved by the con- 
struction of a diagTBin similar to 
the figures we have engraved ; or 
by a calculation fonncLed on the 
some method. 

Inciiiud Shoviden show a very 
different law of stability from 
either straight at round shoal- 
ders. If we divide a pair of iu- 
olined shoulders by radial linea, 
catting off equal parts of the 
inclined line above, we shall HoA 
that these lines cut the under- 
water part of the shotdders Into 
unequal triangles. The oat-of> 
water part of the shoulder being 
large, the onder-wdter part ia 

This variable power d shool- 
det to cKrry weight with variable 
inclination, unfits it tat tbe pur- 
pose of carrying a fixed heavy 
load with fixed stability. The 
diagnuis show — 1st, the constant 
weight carried by the eqnal shonl- 
den as tbey incline ; 2nd, the , 
power given by the exoees of 
shoulder on one side to carry 
increased weight ; Sid, the place 
where such increase of weight 
would bo supported. Tho lengths 
of the arrows measure the forces 
they represent Bee Figs. 242U 
to 2427. 



case of stroight^ided ships. Fig. 2420 is tbe atiualar shonlder. 
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tana ; Gib., Entfarmung ; 
ItaIm, Diitame. 

Diilances and f\eightt dg* 
temined withont moving 
from a gireu pouit oi stn- 
tion to an; otlier point or 

EcUuMi Qeodeiioal Omni- 
meter. Fig. 2428.— Tliis im- 
portant nuithematical inBtro- 
ment effecta BCTsral geo- 
deaical opemttoDi: namelj, 
the meoBaring of diatHDOeB, 
whelber inclined or horizon- 
tal; the determination of 
altitodeB ; and the meaanr- 
ing oT angles, horizontoUj 
□r Torticallj. In fact, thia 
one inatnunent doe* the 
work more eipeditiotwly 
than, and saperaedeB the 
UM or, the chain, levd, and 
theodolite. 

Dietanoea and altitndea 
maj be obtained without 
changing the poaition of the 
iDBlmment at one and the 
aame time, b? one aingla 
and nniqne operation ; aod 
that, too, with greater eiact- 
neaa and facilitj than by 
any olhec meana which baa 
hitherto been employed. 

Distimoeaof .. 




Heighta at a diatanoe of 300 ft. 
„ 1000 ft. 



100 ft are determined euct to 
1000 ft ^ 

1000 yda „ 1 
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The instrument iafonoedb^r OMiibiiiiiigBpoveifiilmienMCopeaS, Fig. 2128, with a tdeaeoptto^ 
and h nienimeter tf, which gives meamrea on a hoiizont&l scale, dividsd in half u:-:"-—" — 

Sltieed at A B, u flae aa 
0000002 of a mUre, oi 
0-0002of amillimi>tre. Ths 
microaoope a A is perpendl- 
oular to the telescope c d, aod 
both move on the same axia 
O. The perpendicDlar dis- 
tance from the centre of the 
ozia O to the scale A B can 
be fouod to any leqoired , 
degree of accuracy; it u a , 
constaut qoantit; ia each 
ioBtrument. The bases and 
the perpendicular of any 
number of triangles may be 
taken by the use oF the 
microscope, micrometer, and 
scale A B, with accuracy, 
which triangles will be simi- 
lar to corresponding ones 
taken by the telescope. The 
moat important triangle 
given by the telescope is that 
formed by supposing two 
lines to pass tEiroagh the 
telescope, one to the head 
and the other to the foot of 
a staff of kuown length, held 
perpendicularly at a point, 
the distance of which is 
required, or held perpen- 
dicularly in the direction of 
* required height. The 
similaiity of the triangles 
liere referred to may be es- 
tabtiihed by plana geometry m fol- 

lu Fif>. 2429, If O D ba perpendicu- 
lar to OH, mO toOA,m'0 to OB, 
and AB perpeDdicnlar to mm'; then 
the triangles mm'OftndAOB,mDO 
and A OH, m'DOandBHOorere- 
epeclively similar. For the anglM 
m-om + HOB = m'OH-fDOm' = 
ft right angle; therefore, the angle 
H O B = D O m', and the triangles 
m' D O and B H O are similar, because 
the angles O D m' and O H B are right 
angles. In the eame manner it may be 
shown that the right-angled triangles 
m DO and AHO are similar; and 
oonseqnenlly the triangles min'O and 
AOB ore similar. 

Hence we have the following pro- 






-A B : H : 



: OD; 



Again A B : BH :: mm' : m'D; 
(hen m' D, where the perpendicular 
distaiioe OD strikes m m', 




^pq; ondasbeforeshown, the triangles OP Q and OpQoreaimilar; theo 
OH :p9 :: OD : PQ; .-. any height PQ = ^^^ — . 
Binoe OH may be put = 1, 10, 100, 1000, 10000, and so on, the calculation becomes ex- 
tremely easy. 

We shall take another case, Fig. 24S0, where mm' is placed above the hoiiHintBl line OD. 
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Then, as in the former case, m' O is perpendicular to O B, m O to O A, and DOtoOH. ABH 
being horizontal, it is parallel to D O and perpendicular to D m'm. 

Therefore Z m'OH — Z w'OD = Z DOH a right angle; 
andZm'OH- Z BOH= ZBOm' „ 

Hence, the angle m' O D = the angle BOH; and as the angles D and H are right angles, the 
triangles m' O D and BOH are similar. 

In the same way it may be shown that the triangles m D O and A O H are similar. 
Consequently, the triangles m m' O and A O B are similar, and we have, as before, 

AB : OH :: mm' : OD; therefore, the distance O D =£5J^^ 

The horizontal distance OD being found, any other height PQ in the direction of mm' is 
instantly obtained, for when the telescope is directed to P and Q, the microscope gives p q ; then, 
as before shown in the other oases, the triangles OPQ and Opq may be proved to be similar; 

then OH I pq :: OD :PQ; therefore, any height as P Q = ^^T^e — . 

Principal Parts of the Omnimeterj Fig. 2428. — 1. A powerful telescope c(/, connected with 

3. A powerful microscope a b turning on the same axis O. 
8. A scale A B divided into half millimetres, moved by 

4. A micrometer-screw, with 

5. A circular disk ef divided into 500 equal parts ; one turn of this disk moves the scale half a 
millimetre, this is the lunit of its range. 

6. A graduated circle j for measuring horizontal angles, 

7. A level, fixed on 6, to adjust the horizontal plane. 

8. A second level A • which can be placed on the telescope cd, 

9. An BIO hi for measuring vertical angles, without which the instrument would be incomplete. 
This instrument is portable and easily manipulated ; its parts are readily controlled, adjusted, 

and rectified. Fig. 2428 is of an instrument manufactured by Elliott, Bros., London. 

Acoompanyine the instrumeu.t there is a levelling staff mm\ Figs. 2429, 2480, not divided but 
of an invariable length, which length is defined by two white lines or marks on a black ground, 
one at the upper exti^mity at m, and the other at the lower extremity m\ 

Mode of Operating with the Omnimeter, — First ; place the staff in a vertical position at one ex- 
tremity of the line to be measured, and the instrument properly adjusted at the other end ; caro 
must be taken that the micrometer is at zero. 

Secondly ; direct the telescope to coincide with the upper line of the staff, and clamp it ; then 
looking through the microscope at the scale, which is advanced and the fractional part of a division 
measuined by turning the micrometer-screw ; we thus place the line of the scale (the microscope 
reverses) between the two horizontal cross-lines of the microscope and ascertain the fractional part 
of the scale between that line and the cross-lines. For example, suppose the number on the scale 

£ Dinted out by the microscope to be over 67, that is, something more tnan 67, we affix to the right- 
and side of this number the yalue of the fraction which is given by the vernier of the micrometer ; 
suppose this niunber to be 203*5 out of the 500 between each of the two consecutive divisions of 
the scale, then the reading would be 67203 * 5. Should we observe an unnumbered division, we note 
the quantity of the preceding line and add 500 to the quantity given by the micrometer-circle, 
because 500 parts of this circle equal half a millimetre. 

Thirdly ; a similar operation has to be performed when the lower white line on the staff is 
sighted ; it may be here remarked that it is very essential to point with the telescope and micro- 
scope in the same manner. 

Suppose on a second reading from a second sighting we pass the unnumbered division on tho 
scale between 66 and 67, and obtain 1*5 from the micrometer-circle, the number 66501*5 = 66000 
-h 500 + 1 '5 is obtained. 

The operation with the instrument is now completed, and we are in possession of the required 
data from which distances and altitudes may be calculated. 

To determine JJiatances.—^Tako the difference of the two readings, which is 1202, in the present 
example, for 

From 67203-5 
Take 66001*5 



Gives 1202*0 the difference. 

1202*0 represents 0<"'001202 in parts of a m^tre. 

For 67203*5 = 0«* 0672035 
and 66001*5 = 0«-0660015 



0»* 0012020 

OH = 0«*15, by the construction of the instrument, Figs. 2429, 2430. 
mm' = 10 ft., the invariable length of the staff. 
AB = 0«'*0012020 or 12020, if 0«*15 be put = 1500000. 
Then referring to the proportions and Figs. 2429, 2430, we have the horizontal distance 

OD = OHx m«'^ 0-"^" = 15MM0 ^ j^^-ga ft 
AB 0*"* 001*2020 12020 

It is evident that 1500000 becomes a constant quantity. 
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It is easily seen that the divisions of the scale of the micrometer may be of any oonyenieni 
oorresponding length, as they are only required to represent ratios, and may represent yards, 
metres, or any other measure. 

The base line of the instrument O H, measured from the point of rotation of the microscope, 
perpendicular to the scale, may be accurately determined by carefully measuring a distance from 
the instrument to the staff held in a perpendicular position, or O U may be found by a mathe- 
matical investigation. In finding the t>ase line O H, we must be convinced that the optical axes- 
lines of the microscope and teleaoope are in the same vertical plane, or rather in parallel vertical 
planes, perpendicular to each other. To effect this adjustment we sight firstly, a staff of 10 ft. ; 
and secondly, of a shorter length, s^ for example one of 5 ft., at the same distiaiice, and see with 
the acquired data if the base line O H of the instrument remains in each case proportional to the 
distance ; should this not be, the orosa-lines of the microscope must be moved by the motion of their 
adjusting screw. 

Levelling. — The manner of levelling consists in determining the lines A B and B H on the 
scale of the instrument ; the first being proportional to the staff, and the other to the altitude or 
the height over or under the level of the instrument. The first of these lines, A B, we find, as 
before described, by sighting the staff; the second, B H, by determining on the scale the point H, 
called the stationary point of the scale, which is given bv the optical axis-line of the microscope, 
when the telescope is brought horissontal by means of the level attached to It. The point H, 
marked (8X is constant and serves for all calculations in levelling operations; suppose, for 
example, (8) to be at 500010, on the scale, we then have the line B H by the difference between 
the number B acquired by sighting the stafl^ and the number of the stationary point H which, 
in the example that we have taken, gives 

660015 
500010 



160005 = BH. 
Then by substituting in the proportion, we have, 

mm' xBH 10 ft. x 160005 



m'D = 



AB 



12020 



= -H33115ft. 



The heights are termed pMitive or negative according as the scale readings are greater or less 
than the stationary point. We have adopted the following simple tabulated form for noting the 
readings when distances and altitudes are being measured. 





From the 
Scale. 


Ootnimeler. 


LevelUng. 




Staff 10 ft 


OonsUntof 
Diatanoe. 


DlatanoelD 
feek 


Starting- 
point g. 


Height In feeL 


Obaeiratlonap 


Upper line .. .. 
Lower line.. .. 


672035 

660015 
12020 


15000000 


1247 *d2 


500010 
660015 
160005 


• + 
133-115 


— 





2431. 



To avoid dividing the constant dividend, we may construct a small table, from which, by mere 
inspection, the distances may be taken. 

Advantages of the Omnimeter. — First. That, having a constant starting-point for levelling, we 
have nothing fmrther to do with the collimation of the optical axis of the telescope. 

Second. That we are enabled to measure and to level at very 
long distances on horizontal or on inclined planes. 

Third. That we have but one and the same unique operation for 
measuring both altitudes and distances. 

Fourth. That the operator, always pointing the telescope on the 
same two well-defined Imes of a staff of a known length, has not the 
same hesitation* in reading as with an ordinary levelling staff, with 
which there is an element of guess-work not found in using the staff 
of the omnimeter. 

The length of the base, O H, of the instrument, and the position 
€xf the neutnJ point, § or H, on the scale, may be determined mathe- 
matically as follows, without resorting to experiments. 

Let rs = a^ Fig. 2431, any distance measured on the scale, subtend- 
ing the known angle A. 

$t = b any convenient distance measured in continuation, subtend- 
ing the angle B. 

Then put x = the unknown angle O r H, and Z = the unknown 
line 0«. 

Then we have a : Z : : sin. A : sin. x ; 

and Z : & :: sin. (A + B + «) : sin. B; 
.*. a : 6 :: sin. A sin. (A + B + d:) : sin. B sin. x 
/. 6 sin. A sin. (A + B + ') = Bin. B sin. x. 
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Bat sin. (A -t- B -{■ z) = sin. (A + B) COS. * + COS. <A + B) si 
.-. 6 aln. A [lin. (A + B) cot. x + ooe. (A + B)] = a ain. £ 

.-. rin. CA + B)cot. i = ^45L?._coB.(A + B>; 

■■■ '^'■' = iri..A°S:(A + B) -'^*-<'^ + '^>- 
Hence z beoamea known; and aiuce ein. (A + B) ; (a + b) '.: bid. 
; and coDscqnentljr, 

_ (a + i)rin .(A +D + j:)»in.x 



^(a + ft)dn.(A + B+£). 



~ " ain. (A + B) 



and rH = rOcofl,3 



^ <n + 6>»in . (A + B + :r)« 

Bin. (A + B) 



DI8TTLLIN0 APPAEATU8. Fa, Appartil diitillatoire ; Obr., Dettillalioru Apparal; Ital., 
Appareci:hia diatiHalore ; Span,, Aporato de destilacion. 

DiBtillalion ia the Tol&tilizatioa of a liquid in & closed vessel by heat and ita Bubsaqqent con- 
densation in a separate veasel bj cold. Tha term is priucipallj applied to the operation of 
extracting spirit fiom a sub- 
atance by evaporation and oon- i<3i. 



Deiiratiive distillation it tlie 
diatillation of substances at very 
higb temperaturea, ao that the 
ultimate elemeata are separated 
Ot evolved in new combtnalinns. 

Dry distillalioa, the dislilla- 
tlon oC substaQce* by tUcm- 
eelves, or without the addition 
of watei. 

The apparatus commonly 
tued coaaiets of a copper boiler 
B, Fig. 2432, for bolilinst the 
liquid to be distilled; C the 
head of the atill, which is mov- 
able, lifts out at c, and ia con- 
nected by D with the wonn E. 
The worm ia a pewter pipe 
coiled round in a tub F, and 
issuing at O. The steam fron ^ 
the boiler passing inl( 
ia condensed to the liquid state. | 
being cooled by the water in 
contact »ith the worm: this water, becoming heated, passes off through the pipe H,aDd is replaced 
bj cold water which is allowed to eoter through I. 

The Diatittery of W. MiKfarlane,ofOh>gotc,iioDeoCihe largest distillericsof the kind ; it contains 
a great nnmtier of the most modem arrangements, all eiecnted on a very large scale. The produc- 
tion of alcotiol, in its abstract sctentiflc princijile, ia the conversion of the ataich contained in flour 
or Krain into grape-sugar, and the subsequent conversion of this sugar into alcohol and carbonio 
acid. The converiion of starch into sugw ia a mere change of arraogement of atoms, as far as 
ehemislr; ia able to teach at present, that ia, the starch and sngar cootain the game elements — 
oarboD, hydrogen, and oiygen — in the same percentage and proportion, only differently arranged, 
«a we are not allowtrd to iiay crystallized with regard to a aubstance like atarch. Tbt conversion 
of starch into sugar is an effect of simple heat and moisture, and may be brought about in two 
ways. First, the slow action of the process of growth, by bringing the grain into a ximilar condition 
in which it commences growing in the soil, and checking this growth by drying when the per- 
centage of sugar has arrived at its maximum ; this ia the operation of mailing. Thu quicker pro- 
cess ia the mashing of unmaltod or raw grain, mixed with a certain proportion of malt, the diastase 
of the latter effecting the necessary conversion of the nnmalted grain. In Macfarlane'a distillery 
both processes are in nse, and most of the spirila are made from a combination of malted and raw 
grain. The grain, after the process of growing, or the other preliminary operations of this growing 

nuat be dried, and this is effected in the malting kiln. The simplest form of kiln has a 

ir of perforated bricks or tiles, Jjpon which the malt is spreod and exposed to the heated 



Erocess, muat be dried, and this is effected in the malting kiln. The simplest form of kiln has a 
iri;e flour of perforated bricks or tiles, Jjpon which the malt is spread and exposed to the heate' 
air arining from a fire below this floor. The perforated bricks have in more recent time been r( 
placed by cast-iron plates, having a series at narrow slots or perforations tor the transmission of 
the heated air. An arrangement of malting kilns in superposed stories or floors is carried out in 
Macfarlane's distillery, whicli is very economical in space, oud probablv also in fuel. There are 
three soperposed floors, each perforated in the usual manner, and fitted in the centre with one or 
two discharginif holes. The Are is in the ground floor below these kilns, and the fresh malt ia 
brought up<m the highest level, or top floor, Orgt of all. The beeted air, rising through all the 
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kilns, evaporates the gross bulk of the water, and, after a number of hours, the grain from the 
upper floor is disoharged into the lower one through the central discharging hole, the contents of 
the second kiln being previously discharged into the lowest compartment nearest to the fire, where 
the malt is finally dried and removed ready for use. There are some difficulties in working these 
kilns, arising from the necessity of passing the steam formed by the malt in the lower chambers 
through the grain spread over the upper floors ; but, as a whole, these three-story kilns work very 
well, and save much space as compared with single kilns. An extraordinary drying kiln is that 
used by Macfarlane for drying the unmalted grain. This is a large square building, carrying a 
perforated floor al)out 80 ft. or 40 ft. above the ground, and having no other floors or partitions 
throughout this entire height. Below the perforated floor an open passage is left for heated air, 
which is driven through at high speed by means of a lar^e fan, and ascends through the floor and 
through the grain spread over it The grain, when dried, is discharged through trap-doors or 
holes in the floor, and falls into the large space below, where it is allowed to accumulate up to the 
height of the air-passages, say within a few feet from the drying floor. This enormous store of 
dri^ grain forms a kind of pressure reservoir, delivering grain in a continuous stream from its 
bottom through tubular passages fltted with Archimedian screws. This kiln can dry 1200 to LOOO 
bolls of grain per day. The fan we understand to be 14 ft. diameter, and the heating of the air 
is efiected by its being passed over a series of pipes heated by steam, the air outside and the steam 
inside the pipes moving in opposite directions. One of the most imposing articles in this distillery 
is the vessel in which the malt is mixed with hot water or mashea. This is a cast-iron cylinder 
30 ft. in diameter and 8 ft. deep to a perforated false bottom, the real bottom being some inches 
below this. In the centre is a column round which a set of mechanical mixers turn and revolve, 
driven by gearing working in a circular rack, which runs all round the circumference of tills large 
vessel. The capacity of this vessel is 30,000 gallons, and it is fllled with fresh materials every six 
or eight hours. The capacity of this vessel virtually gives the limit of the productive power of 
this establishment, as all the material converted into spirits there must pass through this apparatus. 
The function of the mashing process is to extract the sugar from the grain by dissolving it in water, 
and to draw off the wort or saccharine liquor ready for fermentation. The liquor, as drawn from 
this vessel, is pumped into fermenting vats made of wood, and hooped with iron. There are 
numerous vessels of this kind in this distillery, each holding from 9000 gallons upwards ; but the 
most remarkable fermenting vats are two vessels of extraordinary size, each capable of holding 
52,000 gallons of liquor. The fermentation is a process in which no mechanical means are em- 
ployed. The sugar, under the influence of a moderate temperature, and stimulated by the action 
of yeast, decomposes spontaneously, and, \fithout taking up any other element from either air or 
water, is divided into alcohol and carbonic acid, these two substances, when added together upon 
paper, making up the composition of sugar, although, in reality, no chemist has ever succeeded in 
producing sugar from these two substances. The wort fllled into the fermenting vat yields about 
10 per cent, of refined spirits, but for obtaining these latter it is necessary to separate the alcohol 
from the rest of the liquor by means of dlBtillation. This last process effects no chemical change ; 
its rationale is simply to separate the more volatile alcohol from the less volatile liquor in which it 
is contained, by raising the mixture to a temperature which is above the boiling-point of the first, 
and below that of the second substance. The old and primitive mode of operation consists in using 
a large still made of copper, and communicating with a condenser, and heating this still by means 
iof the direct action of a fire maintained below it. The second and more mooem form is to distil 
the alcohol by means of steam, which passes through a series of cellular vessels through which 
the fermented liquor is slowly moving in a continuous stream. The action of this system is con- 
tinuous, and far more tmder control thnn the former. Nevertheless, both systems are at present in 
use, ana must be simultaneously maintained to meet the demand for different kinds or differently- 
flavoured spirits. The distillation by direct heat produces the Irish whisky, which is without 
doubt the best whiskv in the world ; while the other method yields Scotch whiskv. The difference 
is very material, as the former spirit contains a series of volatile products besides alcohol, which 
are removed from the product in the process of distillation by steam. The most noteworthy 
amongst these admixtures of Irish whisky is a small percentage of fusel oil, a spirit of similar com- 
position to that of alcohol. It is obvious, therefore, that the flavour of some kinds of spirit is 
nought at a high price, as far as their effect upon the health of the consumer is concerned. There 
is, however, no marketable spirit entirely free from volatile products different from alcohol, most 
of which are of a less noxious character than fusel oil. A new set of stills for Irish whisky has 
recently been set to work at Macfarlane's distillery. It consists of three copper stills, delivering 
their products from one to the other in succession, so as to distil the product three times over. 
The first still, containing the fresh liquor from the fermenting vat, has a capacity of 13,690 gallons ; 
the second still holds 6820 gallons of weak spirits, and the third still has 4620 gallons measure- 
ment. This whole plant is of a very striking appearanee, and executed with great nicety of 
workmanship. 

Figs. 2433 to 2436 are transverse sections of this distillery. 

These illustrations represent a 20-qr. mashing plant, equivalent to the production of about 
2000 gallons of spirits in the usual weekly distillery period. It is arranged to work entirely with 
steam, and to have no pumping, except that of the worts, from the underback to the refrigerator. 
In the engravings the refrigerator is shown over the fermenting backs, but it may be placed with 
equal advantage in proximity to the underback. The cooling floor is not shown, as it is quite 
unnecessary where a Morton refrigerator can be applied. 

Beneath the malt-stores are the steam-engine, steam-boilers, and malt-mills. The malt being 
kept under bond, the commencement of a period begins by giving the excise officer notice to grind, 
and the malt is measured out in his sight into the unground malt hopper. From this it descends 
to be crushed in the mill #, rising by means of elevators to ground malt hopi>er g. Fox the atike 
of the general reader, we may mention that the grinding is all performed under lode and key (the 
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mniet' beinglodced up in Qta mfll), and a Oesh notice is T«qnired before the malt oui be med in 
nuiahiiig. 11i« tnuhuiR prooeBa a exactly tbe aamo &b that performed in breweriea; the m&lt 
falling &om the hopper, meeta, in the intmnediate maaber A with the hot water, and when tbo 
two have prDp«^ mingled togethei thej fall into tbe mash tun j, where they are still further 
amalgamated, llie proper heat at which the malt ia wetted, and at whiob the contents of tho 
maab tun stand when udshed, flimiahes the key to this operation. After resting for a time to 
allow of the eonTersion of the malt into sugar, tbe eztroot ia allowed to drain off into the under- 
back i, whieh, in the plana ihown, ia intended to Mt as a jack-baok, and ia lar)^ enouKh to allow 
of the worta being declared in it before being pumped to the fomenting baoka. It u likewise 



propneod that tbe aprinkling system, as practised by brewers, be employed to complete the 
eittactioQ of tlie goods after the flmt mashing; ami this being the caae, tbe sprinkliuK on of hot 
water over oad the draining off Iho wort from below the gooda would continue until tbe gravity 
assumed for declaration (generally aboTit 10-50) waa reached. When a sufficient quantity boa 
been got off for fermentation, the goods are maahod up again, and re-drained ao long as any extract 
remains. Theae weei drainings are pumped into the aparge-hack i (or, as the Excise have it, 
brewing copper), and heated np for ose in place of water m Ibe next day's mashings. In pauing, 
it imty be remarked that the sprinkling system ooght to be fully adopted in malt diatilloriea, as 
with it in declaring at a grarity of 1-050 all extnut of any use can be taken off the malt, and 
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sparges, with ilieir very doubtful Ailvfintigea, done away with, or, at all events, reduced to witliln 
lower limits than is the case at present 

To return to the circle of operations, after declaration of quantity and strength, the wort Is 
pumped to the refrigerator 6, by the wort-pump attached to the steam-engine, and cooled to from 
68" to 78^ Ff^hr. (according to the size of the wash-back), and run into tlie wash-backs mmm^ and 
2 per cent., or thereabouts, of yeast added. The fermentation is completed in from 36 to 72 hours, 
all the saccharine matter being converted mto alcohol ; and the wort, which stood at a specific 
gravity of 1 050, standing aa wash at the gravity of water, 1000, or even under, when the attenua- 
tion has been perfect. 

In due course the wash is run into a wash-charger, its attenuation having been declared for 
distillation. From the wash-charger the wash-still o is charged, and evaporation began as soon as 
]io88ible. The evaporated products pass into the worm p, whence, being condensed, they run 
across the still, the house, through the safe q, into the low-wine receiver r. From the low-wine 
receiver r the feint-still s is charged ; and the charge, evaporated and condensed in the worm t^ is 
run through the safe into the feints receiver u. iSrom ihe feints receiver u the spirit-still v is 
charged : and the charge evaporated, and condensed in the worm w, is, like the others, run through 
the safe, and into the spirit receivar .y« a marketable article. From y it Ib again declared as to the 
strength and quantity, and run into the cellar vats zx, and again racked off into casks for con- 
sumption and Donded in duty-free warehouses. 

While this is the routine from vessel to vessel between fermenting-back to spirit-store, vet the 
fact is that no two parts of the country pursue exactly the same practice. In the Highlands, 
where high-flavourea whisky is wanted and made, a large portion of the spirit is taken from the 
low-wines ; while in the Lowlands, where a plain spirit is made, it is taken mostly from the feints. 
The arrangements of this distillery provide for a mixture of clear low-wines and feints to produce 
the spirit. 

Tne foul and weak distillates from w*ash and feints stills are retained in the low-wine receiver 
for further distillation, the clear and strong products only going forward to the feints receiver, to 
charge the spirit-still ; the latter still is pkced so high that the feints from it gravitate back to 
the feint-stuX and are accounted for in the stock at the end of the period. 

The purification of spirit by repeated boiling results in the constant decrease of the boiling- 
point, as it increases in purity ; and, of course, as the boiling-point lowers, towards that of pure 
alcohol, or 173° F^., so is the distiller enabled to separate the distillates coming off at low tem- 
peratures from those which require a higher temperature to cause them to evaporate. 

Inattention to, and ignorance of, the principles involved in the evaporation of the various sub- 
stanoes of vegetable origin, mixed up with distilling wash, is the principal cause of so much vile- 
flavoured and unwholesome, or, in fact, poisonous material, under the name of spirit, bemg brought 
into the market. 

IHstiiied Spirits, — The varieties of ardent spirits are obtained from fermented liquids by distil- 
lation, BO that they consist essentially of alcohol more or less diluted with water, and flavoured 
either with some of the volatile products of the fermentation, or with some essential oil added for 
the purpose. 

Brandy xs distilled from wine, and coloured to the required extent with burnt sugar (caramel). 
Its flavour is due chiefly to the presence of oenanthic ether derived from the wine. The colour of 
genuine pale brandy is due to its having remained so long in the cask as to have dissolved a 
portion of brown colouring matter from the wood, and is therefore an indication of its age. Hence 
arose the custom of adding caramel, and sometimes infusion of tea, to impart the astringenoy due 
to the tannin dissolved from the wood by old brandy. 

Whtsky is distilled from fermented malt which has been dried over a peat flre, to which the 
oharacteristic smoky flavour Lb due. 

Om is also prepared from fermented malt or other grain, and is flavoured with the essential oil 
of juniper, derivea from juniper berries, added during the distillation. 

Jium is distilled from fermented molasses, and appears to owe ltd flavour to the presence of 
butyrio ether, or of some similar compound. 

Arrack is the spirit obtained from fermented rice. 

Kirschvoasaer and maraschino are distilled from cherries and tneir stones, which have been 
crushed and fermented. 

Some varieties of British brandy and whisky are distilled from fermented potatoes, or from 
a mixture of potatoes and grain, when there distils over, together with ordinary alcohol, 
another spirit oelonging to the same claas, but distinguished from alcohol by its nauseous 
and irritating odour. This substance, which is known as poiato-spirtU amylic alcohol, or fouMcl 
oil (C,eHi,0,), also occurs, though. in very minute quantity, in genuine wine-brandy. The 
manufacturers of spirit from grain and potatoes remove a considerable part of this disagree- 
able and unwholesome substance by leaving the spirit for some time in contact with wood- 
charcoal. 

Alcohols and their Derttfatives.— The alcohols are all composed of carbon, hydrogen, and 
oxygen; the membera of the series represented by common alcohol always contain two equi- 
valents of oxygen, and two more equividents of hydrogen than of carbon. The number of 
equivalents of carbon and hydrogen is always an even number, so that the general formula of 
an alcohol of this series may be written thus, G».Hto -f fit- Thus, in ordinary or vinic alcohol, 
rj^H-0„ n = 2 ; in wood-spirit or methylio alcohol, CjH^O,, n = 1 • in potato-spirit or amylic 
alcohol, C,,H,|0« a = 5. 

These alcohols constitute, therefore, a truly homologous series, of which many members, howr 
ever, remain to be discovered. 

The following Table includes the alcohoU of this series which are at present known :— 

4 I 
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Ctwmlad Nuu. 

1. Methjlic aJcobol .. 

2. Ethylio „ 

3. Pm[>yl[o „ 

4. Butjlio „ 

6. Cnproia „ 

7. (Enanthio „ 

8. Caprylio „ 
10. Rutin „ 
12. Laurio „ 
16. Cetylio „ 
27. Cerylio „ 



Deatrtidive ilUtillstion of nood .. 
Vinous fcrmenUlioii ofBu^r .. 
FermenUtion of grtipe-huaks .. 
Fe r men Ut ion of beet -root ,. .. 
FermcntRtion of potatoes . 
FermentatioD of grspe-huaka ,. 
DiBtillalion of outor-oil with polutt 
Fermeiitatioa of grape-buslu . 

OUofrue 

Whaleoil 

Spennaceti 

CbiDesewii 



OnmiDBi Nunc. 



Ethal. 

Ceroline. 

Heli«Bine. 



ong the memben 
^ . _ , , at eiglil membera 

of llie gmap, linked together as tbey are by an alraogt coinmoD origin (being derited. «ilh one 
GiceptioD, from tbo fermeotation of aubalances nearly allied, and that exception being a product of 
deatructiiB diHtillation wbieb may be regarded aa an acoeleraled fermentation), and by a regularly 
HBcending com position, would bo expected (o resemble each other in their properties far more 
closely Ihan the other membem of the ctaai. Accordingly we find that methylio, etbylic, propylic, 
bulylic, amylic caproic. renanthic, and caprylic alcoboU. are all liquid at the ordinary tempera- 
ture, that they nil paiBe8S peculiar and powerful odours, and nuy be readily distilled ancbauged. 
■ aac these, however, (be gradation is not to be overlooked. Ilie two flrsl, methylic and ethylio 

freely aolubtx 1 

amylic alcohol may be wid to be sparingly soluble in 
insoluble in water: nhilat oapryl ic is not only iuaolub 
greasy stain upon paper. 

In their boiling'pamta, and the speciQe grarities of their Tapoots, a similar gndatioi 



Methylie . 
Etbrlio 
Ptopylio . 
Butylio 

Caproio 

(Enanthic 

Gapr;lic 



BalUng-poIiil. , ViiwiiTDnul>r< 



One equivalent of each of these aleohols yields four m/unui of Tapour ; or. in other words, if a 
givea weight of the alcohol correspoudlDg (o ita equivalent number be converted into vapour, that 
vapour will occupy four times as much spare as would be occupied by an equivalent of oxygen at 
tlic same temperature and pressure, or Iwice the space occupied by an equivaleni of bydn^ea, or 
of water converted into vapour under tlic same conditions. 

Tho higher members of the group of alcohols are solid fusible bodies more nearlv approaching 
to waxy or fatty matters in their nature, and not susceptible of distillation wilboul decomposition. 
Far less is known of these than of the aloohola containing leas carbon. 

Wood charcoal presents Teatures which arrest attention on account of it 
the influence exercised by Iho method adopted for obtaining it, upon its 
purpose wbicli it may be dealined to serve. 

If a piece of wood be healed in sn ordinary Bre it is speedily oonsumed, with the ei , 
n grey asU ooosisting of Ibc Incombustible mineral substances which it contained . if the eiperi 
ment were performed in such a manner I hat the products of combustion of Ibe wood could be 
nollected, these would be found to consist of caibotiio acid and water ; woody fibre is composed of 
carbon, hydrogen, and oxygen (G||HiiO,,), niid wbeu it is burnt, the oxygen, in oonjunclion witb 
more oxygen derived from the air, converts the carbon and hydrogen into carbonic acid and water. 
But if the wood be healed in n glass tube, closed at one end, it will be found impossible to reduce 
it, as before^ tn nn ash, for n mass of charcoal will remain, having the same form as tluit of the 
piece of wooil ; in this case, the oxygen of Ibo air not having been allowed free access to the wood, 
so true combustion has taken place, but the wood has undergone dtttruciine disiiliation, that is, ita 
elements have arranged themselves, under the influence of the high tempemtnie, into different 
forms of combination, for the most part simpler in their ohemical composition than the wood itself, 
and capttble, unlike the wood, of enduring that temperature without decomposition ; thus, it is 
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merelf an exolmnge of an mutable for a, Btable eqnllibriam of the partiolea of matter composiDg 
ths moA. 

The TKpnan iimiiig ^m tfie month of the tube will be foonil acid to blue litmas paper ; the; 
haTo a peculiar Oiloar, and readily take Ure on coiitar^ wilh flame. The charcoal wliich In leR 
ii not pure carbon, but aoDtaioi oanBideral)la quantitiea of oxjgtn and fajdrugen, with a littlo 
nittoKBri, and tlie mineral matter or ash of the vood. 

When the oharooal [a to be u>ed for fuel, it ii generally prepared by a prc^ees in wlifch the 
heat developed by Uie onmbiution of a nution of the vood ia made tt> effi^ct tliecharring of t];e rest. 
With this view the UilteU of wood are built up into a heap, Fig. 2437, nrouod stikee driven into the 
griiund. a poasaee being lefV so that tho heap may bo kindled in the ctntre. Thii mound of vnod, 
which ii g. nerally fmm 30 to 40 ft. iii diameter, ia closely covered with turf and eanil, except for a 
f.-vr inoLffl around the base, where it ii left nnooTered, to give vent to the vapour of water expelled 
from the wood in the Brat atnge of tlie prooesB. When the heap hat been kindled in the centre, 
the panage left for th\e purpose is carefully cloaed np. After the oombnstion hua pnraedad for acme 
" DO, and it U judged that Iha won) is' perfectly dried, the open space at the biuie is alao cliieed. 



A more economical prooeaa tir preparing charooal from wood consUls in heutlDg It in an iron 
caae or ilip, F, Fig. 243S, ptaoeil in an iron retott A., fiom which the gases and vapoura are cun- 
ducted by the pipe L into the fumaoe B^ where they are consnmed. 

The iDfusibility of the eharcoal left by wood acooants for its very ^trat porosity, npon which 
some of its most remarkable and naefnl jnvpertiea depend. The application of chivcoal fur the 
purpose of sweetening &sh and other food in a state of incipient pntrefBcUon has long been practised, 
and more recently charcoal has been employed fnr deodoriitruf all kinds of putrefying and offtneive 
animal or vegetable matter. This property of charcoal dependa upon ita power of absorbing 
into ita pores Tory eoDsiderable qoautitiee of the gases, especially of those which are eaaily 
absorbed by water. 

(>r. yomandjfM Jtforins diratad Fnth-aattr Apparatat-^Vig. 2139 ia a front elevation of the 

Fig. 2410 la an ettd view ot the apparatus. 

Fig. 2411 is a back elevation of the apparatus^ 

Fig. 2442 is a plan oF the apporatua. 

Fig. 2443 ia a vertical section of the evapomtor, oondenwr, and refrigerator of the appuratus. 

Fi|{, 2444 ia a sectional plan of the apparatoa. 

In all the (iiawinga the same letters tepreeent the Mine parts. 

A shows the entranoe-pipe for the tea water. When the appaiatns is put on board under the 
water-line, as is the case generally with steamers, tbispipe ia connected to a ler;^ cock oommuni- 
caKiig with ttie sea throngh the sides of the ship. When the apparatus ia placed on deck, as is 
generally the case with sailing ships, or on land, this pipe is flanged to a much ameller pipe con- 
nected with a pump, by means of which the apporataa is supplied with water from the uph. In the 
flrat otae, on opening the large oook to which tbis pipe is connected, or, in the second case, on 
working the pump, the sea water at once pfnetmlee into the refrigerator B. The pipe A extinds, 
as ia seen, the whole length of the refrigerator, merely Ibr the purpose of allowing of the spparatna 
being oonnt'cted as occasion may require. 

a, Fige. 2441 2442, and 2444, Is a large pipe oonnectinf: the refrigeiator B with the rondenier 
D, so ttiat the sea water entering fhim the aea tlirongh A paiseH tbronKh n, and thua Alls np the 
condenser D, and thmngh pipe F foeda the ciaporator H, by mcens of pipe G', Fig. 2139, from the 
teed- box G, also Fiic. 2439. 

B, box or refrigerator. It la a horixontnl cylinder, fhe conslmction of which ia shown In Figa. 
244S, 2444 ; the sea water being introduced flrst into tins refrigptnting cylinder, and confegnentiy 
in iti coldest state, o'reulatea round a ahcat ot pipes k k. Fig. 2113, between the ceps C C, Figs. 
2443, 2411, and cools the water which has Ixen condensed in tiie tubes of the evaporator H and ol 
the condenser D. 

G. oapa uf the refrigeralnr B. lo attiuiEied, aa roay be seen In Fig. 2143, that by means of the 
dirisMai Teeerred in the eKid cafif, tho eondenied water is made lo ttaverae to and tn through Uie 
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different rows of pippaHf, Fig 2443, conaeeutivpljr. From this refrigeraiing cyliDder B Ihi'tea 
water itaisos througli the pipe n, Fige. 2441, 2442, and 2444, iato tbe evaporator H. 

D, condenser. It ie a cylinder oootainingBnotheraheaf of pipes m. Fig. 2443, fiasteDed betweei) 
tno caps M, Fig. 2443. and into wliicb tubes m tlie aerated steam trom the evaporator H is coo 
donsed by Ihe sea water ot Hie said condenser, and aunoundihg tbe said pipes •", Fig. 2443. 

E, large outlet-pipe, which, when liic apparatus is put below the waler-line, as is generally the 
case in sleamera. coinmunicalea with the sea through tlie aides of the ahip by a large ooclt. when 
the apparatus is placed on deck, as is generally tbe case with sailing ships, or on land, this large 
pipe IB turned- upwards, ns represented by the doited lines, nnd lengthened, eo Ihat the water 
nhieb is loreed through Ibe apparalns by means of the pump, or otherwise, may be raised a lew 
Teot above the whole apperatoa. so that the level of the sea water may be above the feed-pipe F. 
This turned-up pipe isconaecled b; means of a flange, or otherwise, to a smaller pipe r. Fig. 2441, 
of about Ihe same diameter as Ihat of the mction-pipe of the pump, and a portion of the sea water 
orii;inally pumped or lei in is thus relumed to the sea. Tbis now should be such Ihat the coo- 
denser mar remain hot down lo the poml whence pipe E pntrudea. This circulation on boeni 
steamers, or whenever the apparatus is placed below tbe sea-level, is kept up by tbe difference of 
temperature of tbe sea water, wbioh is hotter at E than it is at A. When Ibe apparatus ia placed 
on neck or on land, the circDlation is of course kept up hy the pump. 

MM. 



tbe apparatus when it is placed on deck, c 
Ibe natnral level of the sea 

F, feed-pjpe inserted into the condenser D. Tbe apparatus being placed ^low Ihe level of tbe 
sea, as on board sleamera, or below that of tbe sea water in the large lumed-np pipe in which it is 
forced by a pump, as we have already said in elplsining letter E. tbe water will naturally rise to 
the top of the condenser, and up the ^Isnd or arch pipe N, up to the level n, Fig. 2443, of the sea 
water roond the ship, or of the sea water in the turned-up pipe E«, marked in dotted lines: "O^ 
as the steam from Ihe evaporator enters Ihe sbeaFof pipes Irom Ibe condenser D, at the top of the 



■aid oondenser. Ibe Ir'mperalure there is kept aa high aa 20S-^. and even sometimes 203° Fahr. ; tbe 
temperature grsdUHllv decreasing towards Ibe bottom of the apparatus This feed-pipe F is pTO- 
rlded with a oock, whicb is generally left open wBile ilno apparatus is at work, and it is through 



it that the hot nater from tbe lop of the condeoser is led into Ibe priming and feed box G, 

O, priming nnd feed box It is a boi into nbicb any sail whicb might be mechanically pro- 
jected by ebullition is arrested and carried back again by pipe G' inlo the evaporator H. Thia 
priming box coatains a Boat provided with a valve, and so adjusted that when the evaporator is 
filled with tbe proper quantity of aea nater. tbe Boat, being buoyed up, will eloae tbe valve, and 
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tfaua prevent Uie nan of an; more talt wftter Into It : on the contmry, when the level of the m» 
water in the eTspontor, b; resaoa of Ibe wster evaporated, or of the brine nhich flona cottatantlj 
Ihererrom through cock ■, becomes redac«d below the proper point, the Boat, eiokiog in the box, 
opens the valve, aod mora aalt water ie Ibeo admittai through toe pipe F into the box O, and 
thence thraoeh the pipe U' iota the evaponitor, so as lo restore the proper level. This pipe P U 
provided with a cock, which ia placed there merely Tor the purpoee of elTectiiallj stopping the How 
of the eea water into the condenaer when the appnratua ia not at work, and likewiae in order that, 
in cue the float, or the valve oE the float, ahouid become damaged or out or order, the working nl 
the appanitufl may continue in a perfect manoer, the necessary aupply of salt water to be admitted 
into the evaporator being then regulated bj hand. The tail of Ibe valve is covered with a diao 
of vulcanized india-rubber g, ao that on pushing the csoutcbono covering with the flngtr, the 
operator ma; be enabled, at any lime, to lecl whether the float is acting properly. 

3 ia % ahealh or tube , . 

of vulcaoized india - i '■ ***'• 

rubber, into which 



rubber, into woicu b | ^ 

guidinR rod attached to L («)■ ,, . H . . 

tlie lower part of the V=7 ly 1 3 

Hoal IS haDElDB freelv. • ' > ■ '< 



X" 



I banging freely, 
■o lliat by grasping that 
guiding rod through the 
tube or india-rubber, the 
peralormay freely move 
le Heat to which it is 
attached op and down, 
or rotatoiily, in order to 
ascertain whether it ia 
acting properly or not, or 
fur the purpoee of dis- 
engaging any impority 
which might have accl- 
den tally lodged between - 
Ibe valve and ila aeat. 

H, evaporator or cy- 
lioder, oontainiog the 
evapotatiDg tubes and 
tbe sea water, part of 
which lias lo be evapo- 
rated, Fi^. 2443. ThlB 



[. steam-pipe from a 
boiler, leading the steam 
thereof, more or lesa 
under preesnre, into 
the vertical evaporating 
tubea of the evaporator 
H. 

■', brine-cock, whieh 
ia left oonatanlly open to 
a certain extent white 
tbe apparatuB is at work, 
so as to prevent satura- 
tion and meruitation, by , 
allowing a constant die- 
chane of sea water. 

^Fig. 244i3. y,Fig. 
2443. 

K, flange nailing the 
refrigerator B with the 
mixing pipe B', into 
which the condensed non- 
aenled fresh water of the pipe It from the c 
pipe Q from Ihe condeneer ate led. so that 1 
rated. **. Fig 2443. 

L. pipe conducting the mixture of steam and air from Ihe evaporator H into the priming and 
feed box 0, and Ihence throngb pipe L' into the eondensing tubea within the condenser D. 

L', pipe condocling the tnLxtore of steam and air from the priming box O into Ihe tnbea within 
tbe ODDdenser D ; the steam having first depoaited in tbe said priming bos any salt water which 
migbl otherwise contaminate ik 

M, Fig. 2443. m, Fig. 2448. 

N, air-pipe leading the air which sepaialea Troro Ibe sea water in Ihe condeneat D into the 
steam room or chamber of the evaporator H, This air-pipe must, ot course, be oonsidembly higher 
than the level of the sea watei round the ship, or of ihe sea w ' ' -'-'■-- '<-- ' 



I ship, or of ihe sea water in the lunied-up pipe B, m> thai 



n 
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tbe nit water of tLe cotMleiuer m&j not. ander any circunutsncee, be able to pcsa (bivn^h it iato 
the evaporator, whioh might be thus overfilled. This aeration ia aoonmpliehed aa follooe ; — 

As tae steam from the evaporator enters the pipes vithio the oondenuei at (he top, IbrouKh the 
pipe L', it follows thSit theses water at the top of the ooiuleiuier D ia brought, as we have already said 
under letter F, to a temperature which at the top reaches 206^ or 20S^ Fahr. ; this temperature 
gradually diminisbes from the top downwards, so that at a lone oorreeponding to that of the exit- 
pipe E the temperature ia reduced to about 110°, As the air contained naturally in water begins 
la aeporate therefrom at about 

190<>, it follows that the air con- ^*^ 

toined in the condensing aes-water 
betwewi S and the top of tbe con- 
denser ia Beparated : bat when it 
has reached the top of the said 
cxmdenser, it poBses through the 
air-pipe N, and Is carried by it to 
the evaporator H, where it mixes 
intimately with the aecondary 
Bteun there produced by the eva- 
porating pipes. This mixture of 
air and Btetun passes then through 
the pipes ij and V into the tabes 
m, Fig. 2443, and the air ia ab- 
aorbed during the condensation of 
this secondary stewn with which 
it was mixed, the condensed wiitcr 
•o produced being thus super- 
ai^tsted, and subsequently mixed 
through pipe Q, iu the larcer pipe 
B', with the non-Berated water 
coming from the evaporator 
through pipe R, Tha mixed 
waters in traversing the refrige- 
rator B are cooled down to the 
temperature of the son water out- 
nde, and flow at O iu the state of 
perfectly cold water, thoroughly 
aerated, but still retaining the 
bod taste and odour which always 
result from distillation, and of 
which it is deprived only after it 
has passed through the filter Y. 

n, level to which the sea water 
is rising in the air-pipe. The 
height of this air-pipe must always 
be conuderably greater than the 
level of the sea round tbe ship, or 
of the aea water iu the tumed-up 
pipe E, in order thut there should 
not be any chance of the sea water 
passini; into the evaporator 
through the said air-pipe. 

0, nit-pipe, through which 
tbe mixed distilled waters, after MU. 

being refrigerated, pass into the 
filter Y. 

F, framiag to which all the , 
apparatus is bolted. o 

Q, exit-pipe for the condensed 
super-aerated water from the con- 
denser D, which pipe ia connected, 
like pipe B, with a larger tuba 
R, iu which it begins to mix 
with the condensed Don-serated 
water from the evaporator H. 

B, exit-pipe for tbe oondeosed 
non-aerated water from the ava- 
pirator H, which pipe, after lead- 
ing to and issuing from the steam- 
trap U, is connected, like pipe Q, with a larger tube R', in wbioh it be^ns to mis with the ooo- 
densed aerated water from the condenser D. 

B', larger tube, in which the two kinds of fresh naters from tbe enporator and ftcm the oon- 
denser begin to mix, 

S, woter-gange. T. air-eock of the steam-trap U. 

U, steam-trap. R is a box containing a fleet pmvided with a plunger, acting in rnwh » way 
that when the box eontains only steam, or » quantity of condensed watei insufficient to buoy the 
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float, the planger closes the exit-pipe R; but as soon as condensed water ha) accumulated in the 
box in sutiicient quantity to buoy up the float, the plunger of course no longer closes the exit-pipe 
R, and the condensed water may then escape as fast as it is produced. 

y, cock admitting the condensed non-aiirated water from the steam-trap U into the larger tube 
R'. This cock is ordinarily left open, and is used only in case the float of the steam-trap should 
become out of order, in which case the said float may bo altogether removed by turning the steam 
ofl*, and simply unbolting the cover, after which the escape of the condensed water is regulated by 
adjusting the cock so that nothing but the condensed water may flow out; this cock is also made 
use of for the purpose of cleaning the evaporator, Fig. 2443. 

V, cock for cleaning the inside of the evaporating tubes, or for the purpose of obtaining fresh 
boiling hot water, which is done by shutting cock Y, and opening cock V'. 

W, breathing pipe, Fig. 2443. It is a pipe one end of which is in communication with the 
lower cap M of the condensing pipes m, and the other end is open to the atmosphere. The object 
of this pipe is not only to remove pressure from the cylinders, but likewise to afford an exit for the 
excess of air generated. 

X X', two cocks placed between the condenser D and the larger tube R', for the purpose of 
obtaining hot fresh water, and likewise for tlie purpose of cleaning the condenser. This is done 
by cutting off the communication between the condenser D and the said larger tube R' ; to do this, 
shut cock X, and open cock X'. 

Y, filter for receiving the condensed water from both pipe R of the evaporator and pipe Q of 
the condenser, as they issue in a mixed and cold state from the refrigerator at O ; the fresh water 
loses its empyreumatio odour in passing thipugh the filter, and issues at y in the state of perfect 
fresh water, which cannot be distinguished by flavour from that of the very finest springs. 

Z Z', two cocks placed between the refrigerator and the filter, for the purpose of cleaning the 
refrigerator, which is done by dosing the communication between it and the filter ; for this pur- 
pose shut Z and open Z'. 

G, caps of the refrigerator already described, G, Fig. 2439, but shown in section. Fig. 2443. 

D, condenser containing the sheaf of pipes m. surrounded by the sea water, which servea to 
condense the aerated steam from the evaporator H, and to produce the air wherewith that steam is 
aerated. 

H, evaporator. It is a cylinder into which the sea water is allowed to rise so as to cover the 
upper cap J of the evaporating pipes j in that cylinder, and no more, the level being kept at that 
height either by a self-acting float, or by manipmation, as was said in describing G, Fig. 2443. 

I, steam-pipe from a boiler. This steam-pipe brings steam more or less under pressure from any 
description of ooiler ; it passes through a stuffing box, reserved in the cover of H, and is connected 
to the upper evaporating cap J of the evaporating tubes ). 

J, cap covering the sheath of tubes >;\ in which the steam from the 'boiler diffuses itself, and is 
condensed by giving off its latent heat to the sea water round the said evaporating tubes ; after 
which it flows as distilled, but non-aerated, water to the inlet K, in one of the caps C of the refri- 
gerator B. It must here be observed that, although the sea water in U H is at a boiling tempera- 
ture after the flrst few minutes of the apparatus being put into action, yet it will oondcnw the 
steam in the tubes jjj^ because that steam, being under pressure, is- necessarily of a higher tempe- 
rature than the water in H H, which is not under pressure. Thus, whilst the pressure-steam in 
the iuheBjjj is condensed, non-pressure steam is generated from the water in H H outside of them. 
This latter or secondary steam passes through the tube L L' to the upper cap M of the tubes mmm 
in the aerating cylinder D D, where it also is condensed, and passes through the lower cap M and 
a pipe Q, Fig. 2439, to the inlet K, mixing at once vrith the distilled water from the boiler through 
the tube R', already described. 

4, sheaf of pipes of the refrigerator B, for the purpose of cooling the condensed water. Thia 
has already been described in B and G, Fig. 2439. 

M, caps covering the end of the sheaf of tubes placed in the condenser D. See the ezplanation 
given at letter D, Fig. 2439. 

m, sheaf of pipes nlaced between the two caps M, for the purpose of condensing the aerated steam 
firom the evaporator H. 

W, breathing pipe, one end of which communicates with the lower cap M ef the condenser, 
while the other end is open to the atmosphere. This pipe serves to remove pressure from the 
cylinders, and for the exit of the excess of air. When water or steam issues through that pipe, it 
is a proof either that too much steam is sent in, or that it is at too mat a pressure. 

instntctions for Working the Apparatus.— The first thing to be done is to charge the apparatus 
with water. This is done by establishing a communication between the external sea water and 
the apparatus. If the latter is placed below the level of the sea, this is easily done by turnin? on 
the cocks of the large tubes A and E, and the cock F of the feed-pipe, whereupon the salt water 
fills both the refrigerator B and the condenser D to a certain distance n of the air-pipe cor- 
responding with the level of the sea. It then passes through the feed-cock F, thence through the 
feed-box O, down through the pipe GT, into the evaporator H, up to a line standing at about the 
middle of the glass gauge S, where it is maintained at a uniform level by the float within the feed- 
box 6 ; the float being then buoyed up, doses, by means of the valve attached to it, the aperture 
of the feed-pipe F. immediately above the float, whereby all further supply of salt water is shut off. 
until such time as by subsequent evaporation, or discharge of the brine m the evaporator, the level 
of the water in the evaporator H, and consequently in the feed-box G, will have been lowered, 
whereupon the float in G, sinking, will allow a fresh quantity of salt wster to flow in until the 
proper level is restored. The feed-cock F should always be left wide open, except on an emer- 

§ency ; that is to say, except the valve or the float in the priming and feed box G should become 
amaged or out of order, in which case the supply of salt water to the apparatus would have to be 
regulated by hand witii that cock. 
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The apparatus being charged with salt water, as jubt said., the boiler bein.:: ready to fumlfih the 
necessary steam, and a£nitting, of course, that the steam-pipe I is in communication with the said 
boiler, the next thing to be done is to open the steam-cock of that pipe, I, and at the same time 
shutting cock Z, and opening cock Z', at the extremity of the refrigerator, and opening likewise 
entirely at first the cock T of the steam-trap U. On opening this small cock T of the steam-trap 
U, nothing but air will at first rush out, but as 'soon as steam issues from it, it should be almost 
closed, leaving only room for the smallest possible wreath of steam slowly to issue from it. As soon 
as the steam-cock of pipe I is open, the steam will rush through that pipe into the sheaf of pipes 
of the evaporator, in which it will be condensed bv the salt water which surrounds them, and flow 
in the state of condensed non-aerated water through the pipe R, through the steam-trap U, through 
the continuation of pipe R, and out through cock Z\ If the apparatus has been left without work- 
ing for some time, the condensed water issuing at cock Z' will have a rusty colour, wherefore it 
should be left running until it flows out clear at Z', in order not to foul the filter, which would be 
the case if that rusty water were allowed to flow into it. As soon, however, as the condensed water 
flows out in a clear state at Z', shut off this cock Z\ and open cock Z, so that it may pass into the filter. 

But the heat of the steam in the sheaf of pipes j^ within the evaporator, soon brings the sea 
water round them to the boiling-point, and converts it into steam. As soon, therefore, as the sea 
water in the evaporator begins to boll, which may be known by a slight motion of the water in the 
water-gauge 8, or by the pipes L and It' of the feed and priming wx 6, and, of course, this box 
itself becoming hot, open the feed-cock of pipe F full (unless, of course, the float in the box G 
should be out of order, in which case the cock of the feed-pipe F must be regelated so as to supplv 
water to tlic proper level in the condenser, which ii indicated by the glass gauge S), shut the cock 
X of pipe Q at the top of the condenser, and open the cock X' of that same pipe ; whereupon the 
seoonaary steam from the evaporator passes through pipe L, through the priming box G, in which 
any salt water with which the said steam may be mixed is deposited and retiumed through pipe G' 
to the evaporator whence it came, while the pure steam continues its course through pipe L' into the 
sheaf of pipes m immersed in the salt water contained in the condenser D, and being condensed in 
the said pipes, flows out, in the state of aerated fresh water, through the cock X', as long as it has a 
rusty colour, which will be only for about a minute. As soon as the water flows out clear and sweet 
from that cock X', shut the latter and open cock X, so that the super-aerated fresh water may now 
mix with the non-aerated fresh water in pipe R', and flow with It through the refrigerator, and 
thence into the filter, the whole issuing then from the filter in the state of perfect fresh water. If 
the apparatus be placed on deck, or on land — that is to say, above the natural level of the sea — it 
may oe charged either by working the pump or by pouring water into the tumed-up pipe E until 
the glass gauge indicates that the proper quantity of water has been introduced. Tne subsequent 
pumping must be regulated so that the condenser D remains hot down to £, and cold from £ down< 
wards. When the evaporator begins to give off steam, open nlso the brine-oock t, but only to such 
an extent as to permit a quantity of brine to be cvnstantty flowing out, equal to about one-fourth 
part of the whole of the fresh watcr'produced. 

Attention to this is absolutely necessary for if too much brine be allowed to run out, the appa- 
ratus will not produce its proper quantity of fresh water : for since every portion of brine which 
flows out is replaced by a corresponding quantity of new sea-water through the feed-cock F, feed- 
box G, and pipe G', it is clear that the proportion of new sea-water thus admitted into the evapo- 
rator G by an extravagant outflow of brine might be so considerable as actually to stop all evapo- 
ration in the evaporator. On the other hand, if the brine-cock be not sufiiciently open, the flow of 
brine being less than is proper, the sea water in the evaporator would eventually become so concen- 
trated that a deposit or incrustation of salt would be formed. If, however, the operator take care 
to adjust the brine-cock so that the flow of the brine is at the rate indicated (about one-fourth of 
the whole fresh water produced), there will be no chance of stopping the evaporation, nor danger 
of incrustation. 

When the operator wishes to discontinue the distillation, all he has to do is to turn off the steam 
from the boiler, and to shut both the brine-cock t and feed-cock F. 

To Work the Apparatus. — 1st. Open the steam-cock from the boiler to pipe I. 

2nd. Open the cock Z'. and shut the cock Z of the refrigerator, and as soon as the condensed 
water flows clear and sweet from pipe Z', shut the latter, and open Z, that the clear fresh water 
may flow into the fllter. 

3rd. As soon as steam begins to be given off by tlie evaporator, which is known by pipes L and 
L and the feed-box G becoming hot, open the feed^xxsk of pipe F and the cock X', shutting at the 
same time X. and as soon as the fresh water flows clear and sweet at X', shut the latter and open 
X, so that the clear fresh water may flow through the refrigerator and thence into the filter. 

4th. Open the brine-cock i, so as to let the brine flow out ia the proportion of about one-fourth 
part of the whole of the fresh water produced. 

lb Stop the Workintf qf the Apparatus, — Shut off the steam-cock I. Shut off the brine-oock •'. 
Shut off the feed-cock F. 

Special fnstructions. — Look occasionally at the water-gauge, in order to see that the proper level 
is kept up in the evaporator. If it be obsiBrved that the level is too low in the glass, the feed-cock 
being open all the time, it is a sign that too much steam has been turned in firoin the boiler, and 
therefore the steam-cock from the boiler to pipe I should be less open. 

Look occasionally at the brine-cock t, to see that it is discharging the proper quantity of brine. 
It will be advisable also now and then to open the said brine-cock full for a few seconds, in order 
to discharge any rusty or muddy deposit wluch might otherwise stop it ; and for this reason, once 
every month or so, it should be left quite open, in order to empty the evaporator completely, so 
that any rust or deposit may be expelled. Of course, when the brine-cock is full open for the pur- 
pose of emptying tlie evaporator, the feed-cock F should be kept closed. 

The operator will perceive that a piece of vulcanized india-rubber g contains a metalllo rod 
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inside, wliicli metallic rod is oonnocted with the float in the feed-box G. The nse of this india- 
rubber tube is to enable him, bj grasping the said rod through the india-rubber tube, to move tho 
float up and down in the said feed-box, should ]ie wish at any time to ascertain that it (and the 
valre attached to it) is acting properly. Should it become necessary to remove the float, it is 
easily done by unbolting the cover of the feed-box G, and the flanges of the feed-cock F, connected 
therewith. The apparatus may then be worked without the float by replacing the cover and regu- 
lating by hand the flow of sea water through the feed-pipe F. 

The feed-cock F should be left full open when at work, since the supply of the sea water to 
the evaporator is perfectly regulated by the float ball and valve in the box G ; it is only in case of 
emergency — that U to say, in case of the valve leaking or getting out of order from some accidental 
obstruction or otherwise — that the supply of water to the evaporator may be regelated by hand 
with the said cock until such time as will permit the operator to remove such obstruction, should 
any, peradventure take place. The feed-cock is therefo«« nut there merely as an extra measure of 
precaution. 

The small cock T of the steam-trap U should be left very slightly open, so that an exceedingly 
small wreath of steam may be seen issuing from it. This is for the purpose of letting out any air 
which might otherwise accumulate therein and interfere with the proper action of the float in the 
said steam-trap. It may also be open for a few seconds now and then — say two or three times a 
day — in order to see that it is clear. 

If wator should rush out in any quantity on opening the small cock T of the steam-trap U, it 
is a sign that the float is waterlogged or otherwise out of onl( r ; tho remedy is to examine and 
repair it if wanted, or if possible, and if not, to remove it altogether, and regulate by means of the 
oock Y of pipe B, so that as little steam as possible should pass through it, and so that only the 
water condensed in the evaporator may flow out. If, in case it has been found necessary to remove 
the float of the steam-trap, the condensed water should accumulate in the said steam-trap, which is 
known by opening the cock T in the cover thereof (in which case water instead of steam will rush 
out from the said oock T), it will be sufficient to open the oock Y of pipe R for a few moments, 
whereupon the accumulated condensed water will pass into the refrigerator. In fact, the apparatus 
can work very well without the float in the priming box G, and without the float in the steam-trap 
U, either or both ; but with them the apparatus works automatically, and without them the opera- 
tor has to see that the feed-cock F is open only to the proper degree, or he must keep it shut alto- 
gether, and open it from time to time, so as to feed intermittently — say every half hour — ^to admit 
a new quantity of sea water into the evaporator. For emptying completely the condenser and 
refrigerator, unbolt the flange at either end of A. The evaporator may, of course, be completely 
emptied by opening the brine-cock t full. 

Chaplin*8 Apparaiw. — A distilling apparatus constructed by Alexander Cliaplin, of Glasgow, for 
obtaining a supply of pure, fresh, aerated water from sea water, or from other water containing 
Unpurities, is shown in Fig. 2445. The apparatus, which is of simple construction, is almost self- 
acting, and is adapted for use either on 
shipboard or on shore. It oonsiste of a 
boiler, from which a steam-pipe is led to a 
coil of pipes placed in a shallow wooden 
tank, which is kept filled with salt water, 
the beiler being fed from the tank by feed 
arrangement. The steam from the steam- 
pipe of the boiler is discharged into the 
condensing tubes in the form of a jet, an 
opening being left around the jet nozzle, 
through which air is drawn in by the action 
of the steam. This arrangement, by mixing 
the steam with air, is found to effectually 
aerate the distilled water. The distilled 
water in the condensing coils runs down, 
as it is formed, into a filter, and thence 
Into a store tank below. 

The feed apparatus, which is arranged 
on a well-known plan, oonsiste merely of a 
chamber oommunicatine at the top and 
bottom with the boiler, oy means of pipes • 
furnished with cocks, and also connected by 
another pipe, provided with a cock, with 
the tonk contomin^ the water employed for 
effecting condensation. In order to feed the 
boiler, the communications between the 
latter and the feed-chamber are closed, and 
the latter is then filled with water from the 
tonk, this water being, of course, more or 
less heated by the steam in the coils of 
pipes. The communication between the 
tank and chamber is then cloeed, and the latter placed in communication with the boiler by open- 
ing the cooks on the connecting pipes, when the water in the chamber flows into the boiler by the 
action of gravity. 

The mefliod of working this apparatus is as follows; — The tank or condenser should be filled 
by tho hand-pump with sea or other water, and tlie boiler should bo also filled up to half-glass, the 
water supply being afterwards regulated by the feed apparatus. The firo in the boiler may tlien 
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be Usbted. Coal, wood, pe«t, or mineral-oil fuel may be nied, the latter being preferred when it 
is desired to make t)ie apparatus as aearly a« posaible self-acting. In this case a special combus- 
tion cone is provided, the oil flowiDg over (bis cone, which must be first heated, so that the oil will 
ignite upon it. Combustion is then forced by the passage of air upwards through numerous small 
holes formed in the cone, and the Barnes are thus thrown against the sides of the flre-box. Tlie 
steam being got up to, saj 5-lb. presairre to the square inch, the main steam-pipe may be opened 
into the ai^rating pipe or cup, and thus a mixture of steam and air wilt be discharged into the con- 
denser. The water in the tank becomes heated before it passes into the steam-boiler, and the whole 
of the sea water pumped up to the tank is gradnally eTapomted and « .,<.<■,".> 
water fit for use, except a small portion lost by waste and in blowing o1 
incrustation of salt. 

DIVIDINU HACHINK Fb., JfacMmt a diviser; Gib, Theilmatchine ; Ital., MaccAina da 
dividere ; Span., Mdqunxa de dinidir. 

See Hand-Toou. MAdHUfE-TooiA 

DIVING. Fb., Plongtr ; Gkb. T-xuditn ; ItAL., Lawn da marangoai ; Bfah., Bacio. 

Before men are detailed Tor diving, they should be examined as to their fltnesa by a medical 
ofBcer. IT this bo impracticable, it n naefu) to know that men coming under any of the following 
olasaiflcattons ahonld not be employed ; — 

1. Men with short necks, full blooded, and florid compleKloned. 

2. Men who suffer mnch ttata headache, are slightly oeaf. or h»Te recently had a running from 

3. Men who hare at any time spat or oonghed np blood. 

4. Men who have been subject to palpitation of the heart 

5. Men who are very pale, whose lipa ore more blue than red : who are subject to cold hands 
a,nd feet : men who have what is commonly called a languid circulation. 

6. Men wtio have bloodshot eyes and a high oolonr on the cheeks, caused by the interlaoemeut 
of numerous small hut distinct blood'Veasela. 

7. Men who are hard drinkers aod who have snffered Beverely and repeatedly from vsnareal, or 
who have had rheumatism or sunstroke. 

The air-jntmp employed until lately was a three-throw force-pnmp, but in 1868 a d<nibl»<ctlon 
two-cylinder pump was tried aod found to answer well ; its sole advantage over the other is that 
it can supply air to two divers working independently, at different, levnls. each diver being in 
direct connection with one of the cvlinders. When work haa to be carried on in water npnarda 
of 90 ft. deep, only one diver sbonld be sullied with atr ftom the pnmpfe. The pump. Fig. 2146, 
is securely fitted into a strong woodeo case, Fis. 2417, and i» worked by meansof two vincb-bandles 



and a fly-wheel. These latter are taken off for transport, when the ends of the orank-axle are 
protected by nippla screwed on to the pump-case. Inside the pump^^ase is a box for small atnv s. 
The pumps are capable ot compressing air up to 240 lbs. on the square inch, and are proirided wilh 
a pressure-gauge, the dial-indicator of which shows the depth and the oorrespondiag pressure ; the 
cylinders are kept cool by water in a copper cistern round them. Before the pump ia moved abrnit 
after use, the water from the cistern should be drawn off by nnsctewing the nnt under the [ilate 
marked water. Olive oil must be used tor the pistons, admitting it by means of the small oook in 
the cylinder oover. When putting the pnmp together, the different perta muat be arranged aocord- 
ing to their marks. The bottom valves can be examined by unscrewing the ptate at the bottom of 
the eaaa, and the top ones by unscrewing the cylinder cover, taking it off with the piston. If the ' 
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pnmp iTorki beKTily nfler l^liif; by. varm water poured Into the ooppei vetwl round llie rylindan 
will soften the oil round the pistons anil make tliem work eaiilj. 

The air-pipa are in lengths of 45 ft., and ace made either of india-nibbet covered witli mnvai 
with a copper apiril wire inside, or else of Tulcaoiied india-rublier with a galvanized iron spiral 
wire. Aa tlie former requires a long time to dry. the latter is probably the best for (teneral pur- 
poses. Tbs internal diameter of the pipes is 1 of an iiirh. and (hey are fitted together b; means 
of gun-metal union jointa. If two men are to be supplieil with air from one pump, the necessxry 
length of air-pipa must be fltted to the nozzle of the air delivery pipe of each oylinder. If only 
one man is to go down, the air-delivery pi{>og of the two cylinders must be oonnected by the rfuuUs 
emnectiirn, and the air-pipe screwed on to its nozzle 

The ditiiui drta is mode of solid sheet indie-rubber. covered on both aides with canvas ; it haa 
a double collar, the inner one to pull up tound the neck, and the outer one of vulcanized india- 
rubber to go over the breast-plnte and form a water-tight joint The enffa are also of vulcanized 
india-rubber, and flt tightly round the wrists, making, when secured by the wriatbauds, a water- 
tight joint, and at the same time leaving the diver's hands free. 

Tlie Brij(iand) are of vulcanized india-rubber, with ' ' " 

Tlie brtasl-plate made of tinned copper has a valve , „ . . _, - . , 

diver can regulate the pressure of air inside his dresa and helmet. 'When the handle of tbe valve- 
cock is vertical the valve is shut, when it is across the bresst-plate the valve is open. The outer 
ed^re B of the breast-plate is of braaa, and has twelve screws B, C, securely fitted to it at intervals, 
and projecting; upwanls, which pass through corresponding holes in the outer collar C of the dress, 
and upon which the four pieoes of the breaat-plale band are secured by thumb-screws. Tbe neck of 
the breast-plate is fitted with a segmental screw bayonet joint. The breast-plate has two studs in 
front, to which the front and biick weights are attached. 

The hrlmet, Piga. 2449 to 2451. of tinned copper, has • segmental bayonet screw F, F, F, at the 
neck, corresponding to that of the breast-plate A, wbic^ ebables the helmet to be lemoved from the 





breast-plate by } of a turn. It )u« tlirce bull's-eyes of plate g\»aa M, H, at the front and sides, 
protected by brass guards P : tbe front bull's-eye can be unscrewed. An outlet-valve is provjdea 
at the back of the helmet which is beyond the diver's control. An elbow-tube W is leouiely fitted 
on to the helmet, to whiob tlie air-pipe Q is attached ; in Ibis tube Is a valve W opening inwanla, 
so that the air can enter, but in case of a break in the air-pipe cannot escape. There is a brass 
■tnd on each side of the helmet, thAt on the left to attach the air-pipe tc^ and that on the right for 
the life-line, Fig, 2+48. 

The front and back mightt are of lead, heart-shaped, and weigh alxiut 40 lbs. eacli ; they have 
gnn-metal clips to fasten on to the studs on tbe breast-plate, and the back weight haa a ladling 
attached to it, Fig. 2t48. 

Tbe boots are of atout leather with leaden soles, and are secured over the instep by a couple of 
buckles and sti«ps : each boot should weigh at least 1.^ lbs. 

The iron ladder is provided with stays to bear against the side of the bo«t from which the diving 
is carried on, but a6-ft. length of scaling ladder will answer the purpose. Hope ladders wider than 
the ontiniuy miner's rope ladder, are provided : they have thimbles at each end, so as to be mote 
readily atlacbed to the bottom of the icon ladder and to the ladder-weiglits ; tbe ludder-weighti are 
merely 5(i-]b. weights. pmT>'<(<d with movable liandles of round iron, which are passed through 
the thimbles at the ends of trtB rope ladders and secured by linch-pins. 

The cn'iWiiw should be used in deep water, and at any time at tbe diver's option ; il Is pUoed 
ronad the body and tied in front of the stomach, being supported by tbe btMea. it afllbrda proteo- 
tion to the stomach and enables him to breathe more freely. 

The cuf-txpanderi are of galvanized Iron, and are intended to enable the diver's hands to be got 
in aod out of the cuffs ; the scoop part of each should be placed inside the euff, and the oniT opened 
by drawing the handles apart. 

The ladder having bewi fixed, the podtioD of the pnmp should be deddsd on. and it shonM b» 
■ecnrsl/ lashed by mouia of tbe ropea attached to the faandlea down to the stage into which Ihu 
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screunnfes M, M, Fig. 2450, shonld be fastened if neoeasarj; the pump should be placed out of the 
way of the divers aad clear of the mea attending on them, and of al] the men employed The best 
position for the pnmp Lb facing the head of the ladder, and about 6 ft. from it. over the centre row 
of barrels, if the diving be carried On from a raft. 

While the diver is dressing, the pump should be prepared for use, the winch-handles should be 
taken out of the pump-case, the nipples protecting the crank-axles removed, the nuts being replaced 
on their screws. The nuts for the ends of the crank-axles are taken off, the fly-wheel placed on the 
long arm, and the winch-handles put on and secured by the nuts which are screwed home with the 
spanner. The pump is always worked in its case. 

The flap covering the pressure-gauge and that at the back of the pump-case should be opened, 
the screw on the overflow-nozzle of the cistern removed, and the cistern filled with water ; the caps 
of the air-delivery pipes should be removed, the necessary lengths of air-pipe should be put together 
carefully with washers in place, and all the screws must be worked home by means of the two 
double-ended spanners. The air-pipes should be tested by holding the palm of the hand to the 
end of the pipe, till the pressure shown on the pressure-gauge is considerably above that corre- 
sponding to the depth the diver is to descend. 

The diver having taken off his own clothes, puts on a guernsey, a pair of drawers very carefully 
adjusted outside the guernsey, and securely fastened by the tape round the waist to prevent them 
from slipping down, and then a pair of inside stockinss. If the water be cold, the diver may put 
on two or more of each of the above articles. He then puts on the crinoline and woollen cap, 
drawing the latter well over his ears; some divers find relief from putting cotton saturated with 
oil In their ears. 

The shoulder pad is then put on and tied under the diver's arms. He then gets into the diving 
dress, which in cold weather should be slightly warmed, drawing it well up to his waist . he next 
puts his arms into the sleeves, an assistant opening the cuffs by means of the cuff-expanders, or by 
inserting the first and second fingers of both hands, taking care to keep his fingers straight. The 
diver by pushing forces his hand through the cuff. He puts on a pair of outside stockings and a 
canvas overall to preserve the dress from injury. 

The diver then sits down, and the inner collar of the dress is drawn well up and tied ronnd the 
neck with a piece of spun yam, and the breast-plate put on, great care being taken that the india- 
rtfbber of the outer collar is not torn in putting it over the projecting screws of the breast-plate. 
The four pieces of the breast-plate band, which with the thumb-screws had been previously placed 
for safety in one of the boots, are then put over the outer collar, and secured to the projecting screws 
by means of the thumb-screws ; the centre screw of each plate should be tightened first. It will 
genendly be sufficient if the thumb-screw be screwed up hand-tigbt, the spanner being only used 
when necessary. The canvas overall is now adjusted and the boots are put on. 

The wristbands are passed tightly several times round the cuffs ana their tape ends tied, and 
the sleeves of the overall are drawn down to cover them. If gloves are to be used, the wristbands 
will be put on over them as well as the cuffs. The helmet (without the front bull's-eye) is then 
put on : a loop of the life-line is placed round the diver's waist, the line brought up in front of the 
man's body, and secured with a piece of small rope passing round his neck, or to the stud on the 
helmet. The waist-belt is buckled on with the knife on the left side, the end of the air-pipe being 
paMed from the front, through the ring on the belt on the man's left, and up to the inlet-valve on 
the helmet to which it is secured ; the upper part of the pipe is then made fast by a lashing to the 
stud on the left of the helmet The diver then steps on the ladder, and two men are told off to 
man the pump. 

The weights are then put on, the back weight first, the clips being placed over the stnds on the 
breast- plate, and the clip-lashings over the hooks on the helmet. The front weight is then put on, 
and the two are secured to the diver's body by means of the lashing from the back weight, which 
IS passed round the waist, through the thimble beneath the front weight, and tied to the other end 
of the lashing at the back weight. Fig. 2448. 

When the signalman is sure that all is right, and that the diver understands all the signals, he 
gives the word Pump and screws the centre buU'a-eye into the helmet securely ; this done, he ta!kc8 
hold of the life-line and pats the top of the helmet, which is the signal for the diver to descend. 

With inexperienced men, it is advisable to have a rope ladder down to the bottom, but an expert 
diver prefers simplv a rope ; they both must be weighted at the bottom. 

Each diver while under water requires a signalman to hold his life-line, and an assistant to hold 
his air-pipe, both of which should be kept just taut, clear of the gunwale, so that anv movement of 
the diver may be felt. While the diver is under water no talking or laughing is to be permitted. 

The diver should descend slowly, halting for a few minutes after hib head is under water, to 
satisfy himself that everything is correct, and then continue the descent r if he feels oppressed or 
experiences any humming noise in his ear, he should rise a yard or two, and swallow nis saliva 
several times; he must not continue to descend unless he feels comfortable. If oppression, singing 
in the ears, or headache continue, he must not persevere, but return slowly to the surface. To dive 
to great depths, such as 100 or 150 fL, requires men of great practice, and able to sustain the con- 
sequent enormous pressure. 

On arriving at the bottom, the diver will give one pull on the life-line to notify that he is all 
right. In returning from great depths the diver should ascend very blowly, and thus avoid the 
effects of passing too abruptly from considerable pressure to that of the open air; if he stops now 
and then he gets gradually and regularly accustomed to the change. The ascent from a depth of 
20 fathoms should occupy from 20 to 40 minutes. It is more important to move slowly in rising 
than in descending. 

The diver takes down with him the ladder-line, which he secures to the foot of the ladder or 
rope by which he has descended ; this line should be coiled up m his hand with a loop round bis 
wrist, and as he leayes the ladder ho lets the line gradually uncoil so that if he be at any distance 
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off he can find his way back to the ladder when ho wantB to return. While at the bottom he 
should never let go the ladder-line if by any accident he does ao and eannot find Ihe ladder, he 
must make the signal to be hauled up. 

The diver should generally walk backwards; if he meets anything he must turn round and 
feel this precaution is necessary, as bv running against iron spikes, &c., the bull's-eyes may be 
broken ; he must return to the ladder by the way he came, otherwise he may get his pipe or life 
line entangled 

When two divers are down they must be careful not to cross each other's paths, and thus get 
their life-lines and air- pi pes foul 

The signalman is the responsible person, and must be Tery vigilant all the time the diver is 
down : occasionally he will give one pull on the life-line, and the diver should return the signal by 
one pull signifying all right : if the signal be not returned the diver must be hauled up, but if the 
diver wishes to work without being interrupted by signal, he gives one pull on the line, indepen- 
dently, for all right; let me alone. If the signalman feels any irregular jerks, such as might be 
occasioned by the diver falling into a hole, he should signal to know if he is all right, and if he 
does not receive any reply, he should haul him up immediately. If the diver from any cause is 
unable to ascend the laader and wishes to be pulled up, he gives four sharp pulls on the life-line. 
If while being hauled up the diver gives one pull It signifies all right, don't haul me any more. 
The diver should be hauled up slowly and steadily If the signalman wishes the diver to come to 
the surfiEuse, he gives four sharp pulls on the line, on which the diver should answer all right, 
return to the foot of the ladder, and signal to be hauled up. 

One pull on the air-pipe signifies ihai the diver wants more air. 7W pulls on the life-line and 
iico pulls on the air-pipe in rapid succession, signify that the diver is foul and cannot release him- 
self and requires the help of another diver on receiving such a signal no attempt should be made 
to haul the diver to the surface. 

The above signals are to be invariably used by the Royal Engineers ; other signals may be 
arranged as is most convenient for any particular work, as a great variety can be made with the 
life-line and air-pipe. The diver can communicate with the surface by means of a slate. *• 

When the diver comes up, ihe front buirs-eye should be removed immediately he gets to the 
surface : if he is going down again within a quarter of an hour, he can have the wristbands removed, 
the weight taken ofi" nis body, by leaning forward, and resting the front weight on the gunwale . If 
he is to cease work the front and back weights must be removed before he leaves the ladder ; it is 
advisable to detach the atr-pipe from the helmet next* The diver must then be assisted into the 
boat, the attendants lifting his legs in one after the other. He can then sit down and have the 
helmet removed, also the waist-belt, life-line, and boots; next the overall and the outside stockings. 
The breast-plate band should then be removed, the thumb-screws at the Junctions of the breast- 
plate bands being unscrewed first. The bands being removed, the outer collar should be taken olf 
with care so as not to tear it in getting it over the screws. The breast-plate is then removed, tho 
dress pulled down, the cuff-expanders or fingers being used to enable the diver to withdraw his 
hands from the cuffs The shoulder pad and crinoline and other clothes can then be taken off. 

After the day's work is over the joints of the air- pipes must be carefuUy cleaned, and the pipes 
coiled away in the helmet-chest The diving dress snould be cleaned, and if wet inside turned 
inside out and hung up in the shade to diy ,* the dresses if used in salt water should be washed at 
least once a week in clean fresh water. The under-clothing must be kept dry and aired. 

When in store, the pump, fto., must be kept clean and free from verdigris, the clothing occa- 
sionally aired, the tools oiled, &o. When wanted for use after lying by for some time, the pump 
should be taken to pieces by a good fitter, and examine to see that it is in proper working order. 
The helmet-valves should ho unscrewed and examined to see that the valve is free from v^igris, 
but slightly greased with tallow to prevent leakage; the spring should be good, of greater or less 
strength according to the depth of water. All the screws of the helmet, breast-plate, air-pipes, &c., 
must be kept free from veraigris and clean, but wiped with an oily rag. Woen a piston works 
loose, the screw at the top must be turned a little with a spanner. 

The number of men required for d diving party is, — 

With two with one 

dIveiB down. direr down 

In charge 1 .. .. 1 

Forlife-lmes 2 .... 1 

For air-pipes 2 .. •. 1 

For pumps 2 .... 2 

Divers 2 .. .. 1 

1 non-commissioned officer and 8 1 and 5 

The above is exclusive of men to haul up, &o., according to the nature of the work bemg carried on. 

For instruction, a class may consist of from five to ten men. 

If the diving is simplv for the recovery of a lost article, the raft should be moored up stream 
about 10 or 15 ft. from the supposed place of the article; a weight with a ladder-line attached 
sliould be sunk about 10 or 15 ft. down stream from the place ; the diver should take the other end 
of this ladder-line down with him, and when at the bottom haul it taut and fasten it to his ladder. 
He then uses the ladder-line as a guide, and searches the ground on both sides of it if unsuc- 
cessful he shifts the position of the weight, keeping the hidder-line taut all the time, and so 
continues. ' 

An equipment consists of the following packages taken from T. L. Qallwey's Instructions in 
Military jBngineering : — 
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DeacripUoQ of Articles. 



Weight of each. 



1 pump, in case, complete .. 

1 fly-wheel 

1 boXf for oil, &c 

1 iron ladder 

5 rope ladders 

2 band-over-hand ropes 

2 ooils 1-ln. and 2-iQ. rope, spare 

2 ladder- weights 

2 clothes-chests, complete .. 
2 helmet-chests, complete .. 

Total 



cwtqrs. lbs. ox. 



2 








1 
1 



3 17 

3 

3 




24 I4f 
9 



2 
1 

3 
2 
3 
2 



20 
8 

21 
3 


26 








6* 



23 15^ 



10 3 13 ii 



TuUl Weight 



cwt qra. lbs. ox. 
2 3 17 
3 24 14f 
3 9 
20 
12 
14 
6 










1 



1 

1 

3 3 24 13 

8 1 19 14^ 



2 
2 
1 
2 












17 1 1 lOJ 



The contents of the several chests are given below ;— 



8 
2 



Niimes of Stores. Ko. 

Case, pump, wilh lock and key 1 

Containing — 

Oaug:e, pressure, fixed to pump-case .. 1 

Lashings, spliced to handles, each 8 ft .. 4 

Pump, air. diving, fixed to pump-case .. 1 

Cramp, screw, for fly-wheel 1 

Handles, winch, for pump 2 

Nipples, crank, fixed to case for transport 2 

Spanner, box. for nuts in pump-case . . 1 

Can, oil, feeding 1 

Box, wood, for small stores, fitted into 

pump-case.. 1 

Containing'- 

Cap, brass, for air-delfvery pipe (spare) 1 
Connection, double, for use with a single 

diver 1 

Gimlet, spike, }-in 1 

Jointf, union, dou ble, 1 male and 1 female 2 
„ „ single, „ ,,4 

Nozzle, overfiow (gun-metal) .. 1 

Nut for securing pump-handles (spare) 1 

Screw-drivers, 1 6- in. and 1 2^-in. .. 2 
Screw-eyea, for securing pump-case to 

stage 4 

Spanners, double-ended 3 

„ M'Mahon*s. 9-in 1 

Washer-cutter, for washers of air- pipes 1 

Box, tin, for valvee, &c 1 

Containing — 

Valve, piston (spare) 1 

Valves, bottom, spring (spare) .. .. 2 
Washers, leather, for joints of air-pipes 

(spare) 24 

Wheel, fiy, for pump 1 

Box, oil, with lock and key I 

Containing — 

Cotton, waste lbs. 6 

Oil, olive, l>e8t. for pumps, in tin can, gals. 3 

Oil, neats-foot, for leather „ n ^ 

Ladder, iron 1 

„ rope, diving 20-ft pieces 5 

Weights, ladder, 56-lb 2 

Chest, clothes, with lock and key 1 

Containing — 

Belt, waist, for knife 1 

Boots, diving, with leaden solea .. pair 1 

See J. W. Heinke, On Diving Dresses and Apparatus for Working under Water, Trans. Inst. 
C. E., 1856. 

About the year 1825, 0. A. Deane took out a patent for an apparatus to recover property from 

houses on fire As this did not meet with support from the fire-insurance offices, C. A. Deane 
turned bis attention to diving ; and, in conjunction with his brother, J. Deane, tried some experi- 
ments on the Croydon Canal, with a canvas helmet and an ordinary pair of foige-bellows. Tnese 
experiments proved so far puccessful as to satisfy them that diving was practicable, with proper 



Names of Stores. No. 

Drawers, woollen pairs 4 

Dresses, waterproof diving 2 

Expanders, cuff 2 

Gloves, waterproof pair 1 

Guernseys 4 

Instructionp, printed 3 

Knives, diving 2 

Line, ladder, 1 -in. rope .. .. 60 ft. 1 

Lines, life, 2-in rope „ 3 

Overall, canvas •• 1 

Sheath for spare knife 1 

Stockings, outside, grey .. .. pairs 2 

Weight, lead, front 1 

„ „ backy with lashing attached I 

Wristbands, 4 on dresses and 4 epare pain 8 

Materials — 
Canvas, prepared, for repairing diving 

dresses yards 

Composition for dresses . . in lb. tins 
Chest, helmet, padded at the bottom, with 
lock and key 1 

Containing — 
Bull's-eye, front, frame and glass complete 

(spare) .. 1 

Caps, woollen 2 

Crinoline 1 

Glasses for bull's-eye, front (spare) . . 2 

„ „ oval (spare) .. .. 2 

Helmet and breast-plate complete, with 

breast-plate band (in 4 pieces), 12 

thumb-screws, and front bull's-eye .. 1 

Fads for helmet *l 

Pipes, air, spiral wire, with union joints, in 

lengths of 45 ft 3 

Stockings, inside, white .. .. pairs 4 

Box. tin, for helmet stores 1 

Containing — 

Screws, for breast-plate .. .. ». 

Spanner „ screws 

„ nutsof oval eye-glass 

Springs, inlet, small, for helmet (spare) 
„ outlet, large „ ^ 

Thumb-screws for breast-plate 

Washer, leather, for bull's-eye 

neck ring 






fi 



>» 



6 
1 
1 
2 
3 
12 
1 
1 
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meRnB to impply the diver wiih air. Accordingly they had an air-pump and helmet constmcted, 
but as they did not fully answer the purpose, Messrs. Deane applied to A. Siebe, who, in 1830, 
made others, which proved satisfactory. The helmet was what was termed an open one. The air 
entered by an elbow at the back, and was conducted, by means of the tube a, Fig. 2452, to the 
diver's face, so that he at once inhaled the fresh air, and at the same time the breath was pre- 
vented from condensing on the glasses. The foul air escaped from underneath the jacket attached 
to the helmet, on the same principle as the air escaped from a diving bell. 

With this apparatus, Messrs. Deane undertook and executed several important diving operations. 
Amongst other experiments that wore tried wu^ the introduction, in 1832, of a valve in the front of 
thu collar of tlie helmet, by which the diver could regulate ^ 

the exit of the foul air at pleasure. When the valve was 
clo-sed the air was retained, tiie dress expanded, and the 
diver ro«e to the surface. After several careful trials, 
Messrs. Deune came, however, to the conclusion that the 
diver was safer with the air-pipe and signal-line in the care 
of an attendant who coula haul him up at a moment's 
notice ; since, with the valve above alluded to, the diver was 
liable to get liurt bv rising up under tiie vessel or boat, or by 
becoming entangled with the rigging of the wreck, or por- 
tions ot the works upon which the operations were conducted. 
For these reasons tiie use of the valve was discontinued. 

As tiiving came into more general use, several accidents 
happened through inexperienced divers not keeping them- 
silves in a proper po&ition when usiui^ the open helmet. 
Ill consequence of this, A. 8iebe, in 1837, introduced the 
close helmet, and at the same time G. Edwards proposed 
one nearly similar. Although personally acquainted with 
c-ach other, it was not until both had perfected the idt'a 
that they found they had been working to attain the same 
object. It must not be forgotten that divers owe much to 
the skill and ingenuity of Samson Bamett. 

The close helmet, as represented in Fig. 2452, consisted 
of a front glass fr, which could be unscrewed to enable the diver to take reArefehment, or to give 
orders, witliout removing any other portion of the dress. The dress wns fastened to the helmet by 
means of the flanges c, pressed together by screws and wiing-nuts. The air entered at \he back, 
as in an open helmet. There was an entranoe-valvs d screwed on the elbow ; this allowed the 
air to enter the helmet, but prevented its return. If the pipe should burst the diver had p'enty 
of time to come to the surface. The outlet-valve e allowed the foul air to escape, and prevented 
the entrance of the water. The vulve-spindle was immediately closed on the least stoppage of the 
supply of air by means of a spiral spring, as well as by the pressure of the water. The valve 
being slightly loaded prevented the pressure of the water acting on the body of the diver, in con- 
sequence of the internal pressure being greater than the external. 

DIVING BELL. Fb., Qoche de piongew ; Geb., Tcntcherghcke ; Ital., Campana da marangoni; 
Span., Campana de buzo, 

W. Forsyth, in the T. I. G. E., Ireland, says that the best contrivance of this kind is the bell 
generally attributed to Smeaton, and improved by Bennie. Various modifications liave been intro- 
duced by others, and different sizes have been tried, some larger, and some smaller than Bonnie's ; 
but, for the general purposes of hydraulic architecture, this bell has maintained its superiority, and 
is in general use while the others are abandoned. It Im, however, not without its defects r and 
these defects are severely felt by those engaged in particular branches of these operations. The 
most prominent are the following; — Its great weight, and the being compelled to use one uniform 
weight for all depths and purposes coming within the range of its operations. 

In constructing the submarine foundations of piers, and so on, at a ^eat depth, this weight is 
absolutely necessary ; it has even been found that the mechanical contrivances usea for mana^ng 
the bell have but little command over it, from its buoyancy at such depths. The great weight 
being in the substance of the bell itself, gives it greater compactness than if the weights were 
fort-ign to its own substance, and merely attnched to give it preponderance. 

It has also been found that building under water to seaward, even at small depths, weight, 
strength, and compactness are highly necessary, as the agitation of tlie tea drives the bell about 
with dangerous force, notwithstanding its weight; and the shocks it has to sustain, when diiven 
against stones, might displace attached weights, and destroy a weaker machine. 

These are facts which have been proved by experience, and they are ot importance to those 
concerned in hydranlic operations of this kind. But in sheltered harbours, lakes, and riversi 
where the depth is often small, and the water still, the bell is not exposed to a force that would 
displace it, deran«:e any of its attachments, or endanger its structure. And there are many opera- 
tions, such as blahting rocks, making excavations, lifiing stones, and so on, where it would be of 
great advantiige to possess a light mnohine, which could be easily transported from {ilaoe to place, 
and even taken asunder to facilitate its transport, and which would require little time or skill to 
rig it up; and besides dispensing with much of tlie gigantic machinery by which diving bells are 
now worked, to be able to regelate the preponderating weight according to the depth at which the 
operations are being carried on. 

Bells constructed of timber have been used, even for building purnoses, with considerable suc- 
cess ; and for lifting guns, anchors, merchandise, and so on, from wrecks or plaoes where they have 
been lost overboard, a bell constructed of timber, and jo nted with canvas, so as to fold up, has 
bten used. There is nothing to prevent such machines being used, as the pressure which they 
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bare to resist is seldom more th«i 3 or 4 lbs. the square inch ; but they are 00 fragile that tlieir 
use could only be temporary at best. 

The extensive application of sheet iron, especially to hydraulic purposes, at once points it out 
as the most durable and economical material tkat can be employed, and as possessmg all the pro- 
perties necessary for constructing a light portable bell, capable of being loaded to an extent to suit 
any depth of water. 

The size of the diving bell for general purposes ought to be the same as Rennie's bell ; the size 
of this bell is 6 ft. 4 in. long, 3 ft. 10 in. wide, and 5 ft. 4 In. high, internal dimensions. To add 
to its dimensions in any way would be to add to fhe weight necessary to sink it ; and although 
this weight would be neutralized by the included atmospheric air when immersed, yet the whole 
weight wouid have to be borne when the bell was lifted out of the water, or else the weights 
removed when it eame over water; either of these would be attended with cost and inconve- 
nienoe. 'Jumpers of any length can be used in Rennie's bell. It is only necessary to have them 
in suites, increasing in length in a certain ratio, so that they can follow each other. If the hole 
to be bored be a vertical one, when it is put down so far as to make it necessary to Introduce a 
longer jumper than can be turned within the bell when set on the bottom, then all that has to be 
done is to have the bell hove up to a sufQcient height to allow the jumper to be introduced, and 
lowered down again. If the hole be horizontal or inclined — what is technically called a lifting 
shot— then, inst^ of the bell being raised, it has to be moved to one side, the long jumper intro- 
duced, and the bell then returned to the former position. There are many of these little contriv- 
ances known to the workmen practised in this kmd of work, which enable them to surmount many 
seeming difficulties. 

For blasting rock in depths under 10 ft., much time and expense would be saved by the follow- 
ing plan. Let the workmen in thj9 diving bell select a proper place for the proposed shot, and 
enter a hole, say 12 in., then jumpers of sufficient length could be introduced to enable the hole to 
be completed to any required depth from a flat — similar to the boring flats used on the Shannon — 
or from a raft or scaffold. When the hole is completed to the required depth, the charge can be 
put in and stemmed by the workman in 
the diving bell ; and as it la seldom that 
less than 3 yds. of fuze are used for the 
safety of the workmen, the end can be 
brought to the top of the water and fired. 

If this plan be followed, about one-half 
of the usual cost of boring under water 
would be saved, as the divers would have 
little more than a fourth of the work to do. 
The numtmus attendants on the bell, and 
the necessary slowness, in comparison to 
working on a lighter or raft, will warrant 
these statements. If the rock be of such 
a kind that horizontal or inclined holes are 
necessary, this plan cannot be followed, but 
a hole inclinea 50 or 60 degrees may be 
bored in this way. 

To make the internal economy of the 
diving bell intelligible, a section of hennie's 
bell is given. Fig. 2453. 

A, is a foot-board which is movable, and 
seldom used, except when descending and 
ascending. B B, two seat-boards ; these are 
also movable, being inserted between raised 
flaunch brackets, cast on the side of the 
bell. G, a timber rail, wedgo<l between the 
ends of the bell, and placed in the angle 
which the top and sides make ; there is one 
on each side. Malleable iron hooks are 
driven into these rails, from which the tools 
are suspended, namely ; — two setting bars, 
a shovel, one or two boring hammers, a 
3-ft. rod, several chains, and the signal 
hammer. These are the tools always neces- 
sary, excepting the shovel. For occasional 
work, such as boring, there are jumpers and 
tampers of various sizes; but these, and 
heavy chains and hammers, are left lying 
at the bottom when not being used or un- 
dergoing repair. D, are the inside coupled 
chains , these are also made so as to be de- 
tached with ease. £, the air-valve attached 
to a brass grating of the form shown. Fig; 
2454, which is secured to the top of the 
bell by screw taps. The valve is simply a disc of strong leather held in its place b^ the screw 
taps which fix the brass grating to the top of the bell. F, the coupling chain, by which stones and 
other weights are lifted. G, the line at which the water usually stands on the inside of the bell, 
when the air-hose is in good order. H« the iewts, I, stone suspended by the lewis and ehains. The 
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use of the greater part of these is obvious. The use of the Internal coupled chains will also be 
understood by tiie manner in which the stone is represented, as suspended, in the sketch. 

If we suppose, for illustration, a stone to be lowered down ; the bell is then brought over it, and 
made to rest slightly on the stone to steady it. The chains by which the stone was lowered down 
are then detached ; the lewis having been inserted into the stone before it was lowered, is attached 
to the inside coupled chains in the following manner ; — the chain F, which forms an indispensable 
item in the fumitore of the bell, has a hook at each end, one much stronger than the other : the 
strong hook lays hold of the ring which couples the two inside chains D. . The other end of the 
coupling chain is run through the ring of the lewis, and either hooked into the ring beside the large 
hook, or, what is more oonmion, four large links are made on the end of the coupling chain F next 
the large hook, and into one of these the small hook is hooked, suiting the length to the proper 
(distance between the bottom of the bell and the stone when suspended. When this is done, the 
bell is then hove up, and as the stone is attached to the bell by the chains F and D, the stone is 
also hove up, and, when high enough, carried away in obedience to the signals. 

When the bell ia prepared for boring, every implement that can be dispensed with is removed 
to make room. One or both of the seat-boards are taken out to make seats on the rock, or scaffolds 
to stand on. If the hole be a horizontal or inclined one, it is necessary that the bell be so far raised 
as to allow the jumper to be put out under the end of the bell ; then the foot-board and seat-boards 
are made into a scaffold by suspending them from the hooks in the timber rail, by lanyards or 
gaskets. When the hole is bore<], the oag or cartridge is introduced, and tamped in the ordinary 
way, only clay will not answer, it becomes too soft with the water — soft burnt orick must be used. 
Abiout 3 yds. of fuze being left attached to the bag, the seat-boards and foot-boards are replaced, 
the end of the fuze is kept in the bell, which is now removed as far as the length of the fuze will 
permit. The fire is then applied, and 
the bell removed farther — about 5 cr 
6 yds. in all — ^from the shot. This is 
quite far enough for safety, as no frag- 
ments will be able to force their way 
through the water to do any injury. 

Forsyth designed a sheet-iron diving 
bell, represented Figs. 2455 to 2457. It 
is made the. same as Bennle*s bell in 
size, although a smaller bell might be 
occasionally used with great advantage. 
The plates are | or -j^ of an inch thick, 
6 ft. 6 in. long by about 2 ft. 3 in. 
broad, t These plates should be placed 
in the manner shown on the drawings 
— that is, the seams or joints of the 
sides and ends to be vertical, and the 
lower ends of the plates turned up so 
as to form a receptacle for the ballast 
weight. As the length turned up will 
not give sufficient depth to this recep- 
tacle— or what may be called pocket— 
Forsyth proposed that a plate oe joined 
horizontally, or its length parallel to 
the bottom of the bell, and continued 
quite round, forming a continuous band 
to give strength to the pockets at the 
comers, where the plates axe necessarily 

2457. 






out to allow them to be turned up at the bottom. Forsyth designed the pockets to be 20 in. or 
more deep. If 5 ft. 4 in., the height of the bell, be taken JErom 6^ ft., and 7 in. for the semi-cylii^ 
drioal bottom of the pocket firom the difference, there will remain only 7 in. of the side and end 
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plates to be turned upwards for the outside of the pockets. It will therefore require a plate 16 in. 
or more broad, allowing for the seam, to make the pocket of the proposed depth, not taking the 
semi-cylindrical bottom into account. Instead of piecing each tumed-up plate with 16 in. in 
length, Forsyth took four platen, about 6 ft. long ecMsh, and 16 in. broad, which, when joined together 
by riveted seams, will make a continuous band entirely round; and this band is joined to the 
tumed-up ends of the vertical plates by a riveted seam. 

To this continuous horizontal plate are attached knee-plate stays, 4 in. broad and i in. thick. 
These stays are riveted to the sides and ends of the bell, three on &Etch side and two on each end. 
The top of the bell is atta<^ed to the sides and ends by angle-iron, such as is used in the construc- 
tion of steam-boilers. The comers of the bell form a portion of a cylinder— 6 in. radius — to facili- 
tate the bending of the plates, and avoid straining them ; this will also assist the bending of the 
angle-iron round the comers and ends of the bell. The cylindrical comers of the bell make it 
necessary that about 12 in. In breadth be cut out of the middle of the plate, from the line which 
terminates the vertical part of the plate forming the body of the bell to the end of the plate. When 
the portions of the plate remaining after this piece is cut out, are bent upwards, the ope must be 
covered ^ith a piece of plate forged to the proper figure. The cutting and forging of the comers 
of the pockets will leave them weaker, and therefore it is desirable to have the continuous band to 
strengthen them. 

The top of the bell is formed of two piedios of plate of unequal breadth, to avoid having the 
riveted seam in any of the perforations. A bar of iron is placed on the top and extending its 
whole length, except where the air-hose is attached to the top of the bell, and turning down on each 
tjnd. The general dimetiBions of this bar are 2 In. square, and thinned towards the inverted ends ; 
and having two pedestal-formed parts, as shown, to receive the shackle-bolts of the coupled chains 
by which the bell ia suspended. These shackles, bolts, chains, and ring, to be the same as those 
of the bell now in ordinary use. A similar bar is on the inside of the bell-top, but shorter, not 
having its ends inverted. These bars are to be attached to each other and to the bell-top by four 
rivets of 1 ^ in, round iron riveted hot ; and the two inverted ends of ^e top bar to be secured to 
the ends of the bell by one rivet each. To the inside bars the coupled chains for lifting weights 
are attached by shackles and bolts. The screw-joint for receiving the end of the air-hose, and the 
valve on the inside of the bell, to be of the same materials and construction as the bell already 
referred to. The perforations for the lights to be 5 in. in diameter, the lenses 7 in. in diameter, 
and 2 in. thick in the middle. The lenses to be secured with glands, hemp, and luting of red or 
white lead, and fastened to the top of the bell with screw-taps. The number of lights to be eight, 
the usual number is ten. The position of the two deficient ones is occupied by the bar aU>ve 
described. This bar was considered necessary to prevent straining the angle-iron, by which the 
top of the bell is attached to its sides and ends ; and perhaps it may be advisable to have two other 
bars placed at right angles to this one, proceeding from the pedestal parts, and turning down the 
sides of the bell and riveted in the manner before described. These bars are not shown on the 
figures. 

The air-pump and air hose or pipe to be the same as those in general use. 

The ballast to be of cast iron, moulded of such shapes as will fit the pockets^ and provided with 
handles sunk below the surface. 

On an emergency, or where it might not be convenient or advisable to transport the ballast, 
malleable iron bars of suitafble lengths, and any scantling, may be used, so that they stow into the 
pockets and fill them. 

If the weight of the beU, about 32 cwt., be found too great for transport, it may be made in two 
divisions — see line c, <f, on Figs. 2455, 2457 — and joined together by a series of screw-bolts instead 
of rivets, and having a band of hemp or canvas luted with red-lead interposed between the parts 
to make the joint air-tight. It is, however, evident that this ought to be avoided if possible. 

DOCK. Fb., Bassin de construction ; Geb., Werftdocke ; Ital., Bacino ; Span., iHque, 

A dock is an artificial enclosure in connection with a harbour or river, used for the reception of 
vessels, and provided with gates for keeping in or shutting out the tide. 

A dry dock is a dock from which the water may be shut or pumped, so as to leave a ship dry for 
inspection or repairs ; called also a graving dock. 

Floating dock, a structure, either water-tight or provided with water-tight tanks, for receiving 
vessels and raising them out of water by its buoyancy, when the water is pumped out of it, or out 
of the tanks, or the tanks are lowered by machinery ; called also sectional dock. 

Naval dock, a dock connected with which are naval stores, materials, and all conveniences for 
the construction and repairs of ships. 

Screw dock, a dock in which a frame for the reception of vessels is raised or lowered by screws 
and other machinery. 

Wet dock, a dock where the water is shut in, and kept at a given level, to facilitate the loading 
and unloading of ships ; a basin. 

The Victoria Docks are situated near Blackwall, London, and occupy an area, inclusive of the 
entrance lock and eastern channel, of nearly 100 acres of water, or of 200 acres of land and water. 
Fig. 2458 gives the position and shows the plan of these docks. The water area comprises the 
entrance lock from the Thames, with two pairs of gates, leading by a channel into the tidal basin 
of 16 acres, which is separated from the main dock of 74 acres by a dumb jetty, but communicating 
with it by a single pair of gates, and terminating, at present, with a cut or channel at the eastem 
extremity. In general terms the basin and dock together (exclusive of the eastem cut) are 
4050 ft. m length and 1050 ft. in width at the level of high-water mark. In addition to the dumb 
or separating jetty, there are four other jetties projecting into the dock from the north side, each 
581 n. long and 140 ft. wide, which are placed 430 ft. apart, except the most easterly one, which 
has an interspace of 550 ft. The jetties, with the sides of the dock and of the basin, provide 
a length available for quay room of nearly 3 miles. The surface of the marsh, which is nearly 
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leTel, iaaboutS ft. 6 in. below Trinity high-water mark, nod, previoiu to the oomtrDCtimi of the- 
dookB. it naa drained b; open ditches carried by means of culverts with trapped outlets through 
<he aocient river bank into the Tliames. This bank, which proteota the lands from the tidal water 
of the river, is maiutsiued at b height of 5 ft. aboTo Trinity lii^h water, oud this is the level 
adapted for the top of th.' copinga of the entrance and entrance-lock walla. 




It DM]' be well, while speaking of the Trinity high-water mark (a convenient datum to which 
to refer depthsX to state tluit the Dottom of each of the two docks is 24 fL below this standard, the 
depth of the channel leading to the look from the basin is 25 ft. 8 in., on the sill of the upper gates 
25 ft. 6 in., aod In the look itself and on the lower-gate sill 28 ft., a depth which is maintained 
thioogb the entrance into the river. As the mean fall of tide is 18 ft., there is, therefore, on the 
lower-gate sill a depth of 10 ft., and on the npper-gate sill a depth of 7 ft. 6 in., at Trinity low- 
water mark. 

The subsoil, beoeath a layer of about 12 in. of topsoil. may be briefly described to consist of 
tarions thicknesses of yellow and blue clays, averaging together 5 or 6 ft. in depth, then a stratum 
(rfpeat, of no economical value, varying from 5 ft. to 12 ft, in thickness, and beneath this a bed of 



gravel, overlying the London olav. At the entrance, the upper clay-beds were from 8 to 9 ft. thick, 
the peat about the same, and the gravel 10 ft. thick near the lower-gate platform; but in tho 
middle of the look-chamber the gravel diminiahed in thickness to 7 ft., increa>.inz sirRin to 8 ft. at 
the nppec-gate platform. Hence the solid day substratum waa found, thionghout the length of 
the looEc, at a nearly uniform depth of 37 ft. below Trinity high-water mark, and on thia founda- 
tion, at a depth of ST ft. G in,, the brickwork of the upper aod lower ^te platforms Won laid. 

Eniranct and Eairance Loci. — Prooueding eomewhat more in detail, it will be seen from the 
plan. Figs. 2458, 2459, that the channel, which on leaving the tidal basin is 156 ft. wide, contracts 
as it approaches the lock at tho awing bridge, after passing which the side walls, throughout the 
lock and entrance, are constructed of cast-iroo piling and plates, backed with concrete, but inter- 
rupted in two places, for the brickwork of the gates. The piling l.as a bettor of 2 in. io a foot, 
and where it commences the width Ijetween the copings ia 9t ft,, which continues for a length of 
rather more than 100 ft. The brickwork of the npper-gate platform then begins, and occupies a 
length of 83 ft. 3 in., the side walls being here vertical and 80 ft. apart; then the lock- 
chamt«r, Fig. 2460, with concrete walls and cast-iroti piles, as before, for a Irngth of 256 ft. 10 in. ; 
then the lower-gate platform 73 ft. 3 in. in length, giving a lDck.chamber 60 ft. wide at the bottom, 
326 ft. 6 in. Ions from gate to gate. Fig. 2465, and with a depth of water of 10 ft. on the sill at k>w 
water. Beyond this point the piled and concrete side walla recommence, running parallel for* 
leoKth of 85 ft,, and then widening out, for a farther dislance of nearly 200 ft., in a trapezoidal 
form, the base, or greateat opening, being 385 ft., and the uoequally-inrlincil aidce being respeo- 
livelv 297 ft. and IGO ft in length, the longer ono being that nait to the Bow Creek. 

The cast-iron piling and concrete wall are very similar to those already aucceiiafolly employed 
In the construotion of the Brunevrick Wharf, Blackwall, and at Fleetwood llarbour. The cast-iron 
(tiling is formed in bays, which are 7 ft. 1 in. from centre to centre of the riiain pilca, the inter- 
vening spaoe being filled, for a distance of 15 ft. from the top, by three cast-iron plates, retained 
laterally by the edges of the maio piles which atond in front of IbeiA, the lower part boneatti the 

Elates being made up with four caat-iron abeet-plles. on the top ot whicli the bottom jilate rests, its 
iwer edge being tumiahed with a rebate or fillet which hides the joints and maintaina Ilie pilca 
in their pwition. The main piles are each in two lengths; the lower one, which is 25 ft. long tiud 
18 in. wide on the face, is provided with two vertical fiangca, or feathers behind, 8 in. ilccp and 
12 In. apart, the metal being about 2 in. thick; and the upper one, which ia 12 ft. 8 in. long und. 
18 in. wide, has a section similar io focm. but somewhat lighter in substance; it is placed ou tha 
tatJuer, and is secured by bolts passing through it and fisli-piecea eimt on the upper length for the 
purpose, proper chipping pieces being provided to er"'~ """"—*" kih-^ ti.^ .),uf-..ii^ ,.i.;nh 
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Are each In one length of 20 ft, ue of lamewlut almllu form ; but it will be nnueMssary to go 
into a more minute deaoriptioa of them, aa the partloulari are full; given in Figs. 2466 to 246B. 
The three lop plates are each 5 ft. 11 in. wide and 5 ft, deep. The; are fuiuiehed with the neces- 
sarjr baok feathers to give them strength, the upper one being bo arranged u to otirr]' the frant 
edge of the atone coping of the wharf, nhidi is 18 in. in thicknees. In the rear of each main pile, 
and at a diatanoe td 18 ft, from it, a timbei land-tie 20 ft long is driTen to the same depth m 
the eaat • iron piling. 
Through the head of 
this two wrought -iron 
tio-rods, 2 in. in dia- 
meter, are paand, and 
■eoured by meani of 
«rasber-p1alefl and nuta; 
the lower one is eon- 
nected with the upper 
end of the lower length 
of the main pile by 
means of an eye-bolt, and 
the upper one is attaobed 
to the upper main pil^i 
at a distanoe of 8 ft. 
aboTB the former, and in 
a similar manner. 

In the part between 
the look and tidal basin, 
the channel was exca- • 

rated to a depth of 27 ft. o 

8 in. below Trinity high- fc 

water mark, to reoeive a h 

thicknesB of 2 ft. of day " 

puddle. The main pUe« ij 

were driron 5 ft. into the g 

graTel, the sheet-piles x 

entering 2 ft. 6 in. into it. s 
The concrete wall was O 
carried to the bottom of ^ 
the clay puddle; and the 4 s 
whole space at the back, ^ " 
between the conorets 
wall and the Isod-ties, 
was filleil in with gravel, 
well rammed. In the 
look-chamber, the gravel 
in the bottom was taken 
out, down to the clay, 
except a portion on endt 
side, into which the pile* 
were driven, end on 
which ooncrete was laid 
in front, forming a too 
to the wall, and doping 
down towaids the centre. 
Pig. 2463. and the whole 
intervening space was 
filled with clay paddle 
to the proper level. 

Beyond the lower- 
gate platform the con- 
erete walla were carried, 
for the full thickness, to 
the back of the land-tie 
piles, and on a level with 



the top of them, or abont 
15 ft. below ~ 



low Trinity high- 
water mark. The wiJIs 
ware then reduced in 
thickness to about 10 fL, 
and were carried up verti- 
cally at the back, giving. 

in consequence of the batter of Ihe front piles, a thickness of 6 ft at the top. u tn the other csmcs. 
The wbuf wall is finished ofiT at the top in the front by a stone coping IS in. thick and 3 ft. 
on the bed. 

The coDorete was eompoaed of clean gravel, containing two-thirds coaree and one-third shant 
grit, and Hailing lime in the proportion ^ tis to one. The lime was not ground, bnt usBd hot, 
sod the oonorete was found to set very hard. 
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Upper and Lower Gate Phtforms.'— It has been 
already stated that the London clay was found at 
abont 87 ft below Trinity high-water mark. In 
consequence of a good, and at the same time an 
impervious, foundation oocumng at a convenient 
depUi, an invert was dispensed with, and ordinaiy 
brickwork in level courses was employed, Figs. 
2462, 2464. Ai«as 120 ft. wide and 83 ft 8 in. 
long for the upper platform, and 120 ft wide and 
78 ft. 3 in. long for the lower platform, were laid 
bare down to the London clay, and round each of 
them a single row of elm sheet-piles, 16ft. in length 
and 8 in. thick, was driven close, to a depth of 

6 or 7 ft, into the solid clay, the heads being 
levelled and secured by walings; and within the 
spaces so enclosed the brickwork of the platforms 
was laid. The thickness of this brickwork in the 
case of Uie lower gates was 8 ft 6 in^ reckoning to 
the under-side of the shutting sill, over that por- 
tion of the area traversed by the gates and included 
between them when open; while the rest was 
earned up a foot l^ber, or 9 ft. 6 in. to the top of 
the shutting sill, ^e sSll of the upper gates being 
2 ft. 6 in. higher than the lower sill, the thickness 
of the brickwork is here reduced to 6 ft. 6 in. and 

7 ft 6 in. in situations corresponding to those 
previously described; but as the dav is found 
nere at the same level'as at the lower platform, the 
additional depth of 4 ft 6 in. is made up with 
concrete. It will be seen that the sufficiency of 
this mode of construction is mainly dependent upon 
the means and care taken to prevent the water from 

getting to the under-side of the brickwork^ and 
lowing it up by its lifting power. The weight of 
the brickwork is wholly inadequate to resist the 
lifting power of the water. For example, in the 
case of the lower-gate platform, with the water 
standing outside at the level of ordinary Trinity 
high water, the pressure of the water on the under 
sur&ce of the brickwork, if it*had access there, 
would be more than 2300 lbs. a square fbot, while 
the weight of the brickwork inside, with 10 ft of 
water upon it, would only amount to 1640 lbs. a 

auare foot See Dam. Hence the importance of 
king out all the gravel, in order to bring the brick- 
work and concrete into direct contact with the 
impervious clay, and the advantage, it not neces- 
sity, of the precaution of covering the horizontal 
joints with the close sheet-piling. In this way 
the access of the water to the under horizontal 
surfaces is so interfered with, that its lifting power 
is effectually neutralized without the help of the 
side walls, as when an invert is employed, at the 
same time the horizontal disposition of the brick- 
work, perfectly free from all complexity, affords 
the greatest facility for bedding holding-down 
plates for the shutting sills, pivot-crosses, roller- 
paths, and so on. Upon these platforms the side 
walla are carried up in brickwork, including the 
copings, to heights above the sills of 83 ft. and 
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30 n, a in. reflectively, sad at & miDimnm dislance apBrt of 80 ft. They are 20 ft. thick *beK ■ 
they aannect with the concrete walla and iion piling, and continue so till the ourred Ktxme» foi 
the gates oummenoe, by which the thieknen ii reduced to 11 ft. in the oantna part of the hallow. 



Snthn on Una A B. 



Stotioa «a line C IX 



Section on line EF. 



Sectton on lin« a H. 

The hollow qvoin ia a portion of a oirole, having a radios of 12 in., and the length of the are of 
contAct ie alao 12 in. Vertical cbaaes are left in each aide wall for receiving the roUer-framea 
when the gates ate opened back, the break in the ooping being oovered with a cast-iron plate. 
Ghamb?ra nre alao provided for the chain roller boice and chain ways, which are of the ordinary 
doecriptioD, lead up to the vaults oootaining the hydraulic machinery. Fig. 2460. formoving the 



a a doable-cmred form, (o meet tlie battel of Uie piled und 
DODCiete wail of the lock-chamber, ao as to aioid a almp vertical arria. Where the vertical ptut 
termioates, at the etut end of the wall of the upper gates, and the went end of that of the lover 
gates, a hollow quoin, gomowhat aimiUr in form to that for the gates, is placed to receive (ha 
cusaon. n atop, or sill, being provided in the bottom for the some purpoae. The hollow qaoiua, {he 
external arris of the gate reoes^ the caiason quoins and sill, and the oopin^ and bed stones for 
the anchors (see Anchor), were made of a oompact sandatone, and these oonatituted all the atone 
umplof ed, with the eioeption of that required (or fixing the h^mulic mnRbinery. The brickwork 
was composed of bricks made of cle; from the excavation, fnced with Hai'latone bricks, laid 
fa mortar, composed of clean sharp sand, found on the site of the docio, and Hailing lime, gaugtd 
in the proporUon of two to one. 
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8tuict-Pipt$ and Sluic^i, Figs. S461, M6&, — For the purpose of fllltng: and emptying the lock- 
chamber eight Hlnioe-pipes are provided, four at the upper aod four at the lower gates. Thcae 
~' re of oast iron, 6 ft. in diameter, with the oetitre, or axia, placed 9 ft. below low-water mark. 
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1 the 



parallel to the lock for 

again turned towards tl . „ 

'I'hn outlcU are fonned ;of castiroo platps, aimUar to those filling the upper apacea between t'be 

main piles, but pierced with trumpet-shaped aperturea, with flanges behind for the purpose of 

can nectiag them with the pipes. Tbe pipea at the back are bedded to half their depth in roncrele, 

laid in a brick culvert 16 ft. in diameter, the open apace above the pipei affording facilities for 

examination, and for the exucutioo of any repairs that maj be ueceaaarv, without aistnrbiiig the 

more solid work. 

The Bloicea an dmllM to Ihoae uied in water-works. The pAddlea ue of cast ino, faced with 
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brass. A oast-iron irtmk, with an internal capacity of 6 ft. by 2 ft., is bronght np from each to the 
coping level, in the upper part of which is contained the hydraulic apparatus for lifting and closing 
the sluice-Talve. These trunks permit the paddle to be easily withdrawn for repair. Pioyiaion is 
also made by which all the sluice apparatvs from the bottom can be taken ont, without disconnecting 
the pipes. In this, as in every other case where it was practicable, the principle was acted upon — 
to afford, in the arrangement of the design, and during the construction, every possible facility 
for the subsequent examination and repair of those parts which are most liable to get out of order. 
The portion of the lock bottom beneath the outlets, and therefore exposed to the wash and 
disturbii^ action of the water, is floored for a length of 50 ft., from the termination of the brick 
platform, and for the full width, with creosoted planking, secured by means of walings to piles, 
driven 7 ft. apart over the area. The spaces between the heads of the piles, the walings, and the 
planking are filled in with concrete to a depth of 2 ft. 

The Wrcught-iron Oatea. — Of these there are three pairs ; the upper and lower gates of the 
entrance lock. Figs. 2469 to 2476, and the inner gates, separating the tidal basin from the main 
dock. The upper and inner gates are of the same dimensions ; and the same general arrangement 
being employed in the three sete, a description of the lower gates will be sufficient for the present 
purpose, leaving a few minor differences to be pointed out afterwards. 

Until within a comparatively recent period, timber was exclusively employed in the construction 
of look gates ; and while they remained of moderate dimensions, this material was well adapted for 
the purpose. But with the increased size of ships now employed in commerce, demanding larger 
lock entrances and gates, the difficulty of finding timber of sufficient length and scantling, and 
then of giving it the necessary curvature, has become so serious as to render the use of iron almost 
a necessity. In the earlier examples cast iron was employed for the internal framing. This was 
generally covered with planking, but in some instances wrought-iron plates were used instead of 
the planking for the skins of the ^tes, advantage being taken of the opportunity afforded by this 
arrangement to diminish the weight on the points of support, by the flotation obtained by 
excluding the water from the interior of the gate. The cast-iron framing is now advantageously 
superseded by the use of wrought iron, so that the whole gate, with the exception of the heel and 
mitre poets, and shutting sill, which fure generally either of wood or of cast iron, is constructed of 
this convenient material, which, combining strength with lightness, avoids at the same time the 
lesser evils of unequal expansion, screwed connections, and other inconveniences, as well as the risk 
of fracture from sudden dIows, to which cast iron is liable. For the gates of the Victoria Docks 
timber would have lieen very unsuitable, not only on account of their large dimensions— the lower 
gates having a span of 80 ft., and a height of 31 ft. — but because of the considerable amount of 
curvature given to them, the versed sine being 20 ft.^ or one-fourth of the span. 

The form ^f the outer curve of the pair of gates is the arc of a circle having a radius of 50 ft., 
the distanoe between the skins at the heel and mitre posts being 2 ft., and at a point midway 
between them, 8 ft. The inner boundary is formed of two arcs of circles struck from centres 
9 ft. 5^ in. apart, with a radius of 59 ft. 9j^ in. The space between these curves represents the 
form of the fourteen horizontal diaphragms in each leaf, vaiying in distance apart from 1 ft. 11 in. 
at the bottom to 3 ft. at the top, and placed parallel to the floor of the lock, with the exception of 
the bottom one, which is sloped 9 in. upward at the heel-post to give more room beneath for the 
cast-iron step-piece and pivot. On the under-side of this bottom plate, which is { in. thick, 
is secured, by means of | -iron bracket-pieces, the timber which meets the cast-iron shutting bUI. 
This is made of green-heart, 9 in. deep and 4^ in. thick. 

The other horizontal diaphragms are i in. thick, and are connected with the skins by f-iron, 
4j^ in. by 2^ in. in section, and by angle-iron 2^ in. by 2} in. in section. There are also two vertical 
diaphragms which divide each leaf into three nearly equal parts, passing continuously from the top 
to the bottom, and therefore intersecting each horizontal diaphragm, the y-irons and angle-irons of 
wMch are brought round and riveted to the vertical diaphra^s. This arrangement subdivides the 
horizontal cellular spaces, and also prevents the gate from twisting. Man-holes are provided in each 
compartment through each diaphragm, to give access to every part of the gate, and they are closed by 
covers at the proper level for giving the requisite amount of flotation. Of the framework thus con- 
structed the outside plating is riveted. This varies in thickness according to the amount of strain it 
has to bear, from } in. at the bottom to | in. at the top. The plates are disposed with their lengths 
placed vertically, all the joints bein^ provided with strips on the outside ana on the inside, to ensure 
their being water-tight. Short horizontal strips are also required, where, from the passage of the 
vertical diaphragms, it is impossible to cidk the horizontal "f -irons quite close into the comers. 

In the caisson, which was constructed subsequently, the widths of the plates forming the skins 
were placed vertically, and with advantage. 

The heel and mitre^posts, which are of green-heart timber, are bolted to the strong vertical 
plates forming the termmations 6{ the ironwork of the gates. They are kept in place laterally 
by an angle-iron, 3 in. bv 3 in. in section, riveted on each outer edge. The bolt-holes are deeply 
countersunk, and the holes filled with green-heart plugs, set in marine glue. The passing of these 
bolts through the vertical diaphragm-plates, and the difficulty of keeping them well tightened up, 
has been the source of somd leakage into the gates, and even now occasionally gives trouble. 

The attachments of the chain, for opening and shutting the gates, consist of strong gusset- 

Sieoes, riveted to the outside plating, so as to take hold of one of the horizontal diaphragms, 
trong bolts are passed completely through the width of the gate, so as to bring the strain as 
much as possible on both skins. These attachments are also placed opposite each other, one on 
the inside and the other on the outside of the gate, so that the bolts pass from one to the other. 
In the lower gates they are at a height of 12 ft. above the sill, so as to be accessible at low water. 
The sectional diameter of the eye-Mt is 2^ in., that of the opening and closing chain is 1^ in., 
and the greatest strain brought upon them by the hydraulic machinery is about 7 tons per inch. 
The footpath platform at the top, which is 3 ft. 6 in. wide in the middle, and 2 ft 6 in. at the 
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«Dda, ooDtiBia of planking 3 io. thick, carried on caat-iimi 
braokete, bo as to be level witb tbe coping of the vIieitF. 
T&e movable hand-railing on the aide is 3 ft. high. Owing 
to the great ouiTatura of the galea, a aoniewhat peculiar 
Mnangement was neoeraaiy. Inlook entianaeHgenemllf, in 
Eonwquenoe of the inoonvenience and obstnictioi ' ' 



been naaoll; connected by chain^ and placed in eockete, 
BO aa to be eadly taken out. This ig an iuconTenient 
method, and causea delay, fioiu the number of separate 
parts, by encombering the footway of the gates when 
down, and fonning when up but an inefficient protection. 
In a recent example, the Hartlepoot galea, which are 
itnight, a rigid top laiL was employed, connected by » 
knuokle-joint to the standards, which were jointed near 
the bottom, in «nch a way that the whole could be de- 
preaaed, the top mil beine parallel to the planUng, and 
raised bat a few ioehea abo*e it. In the Victoria Dock 
cates, owing to the cnivatiue, tke atandarda cannot moTe 
in the aaiae plane; they are tberefore each made with a 
aepeurate foot, in which they tnm, as on a piyot, forming 
a swivel-joint. Above this is the lower hinge, and the top 
of the standard is oonnected with the top railing by a 
knuokle-joinl, the railing being made of iron tubes 11 in. 
in diameter, bent to the form i3 the gate. Each standard 
bM a fXHuitei^balanoe weight, which works by a short arm 
below the planking, out of the way, and the railing can 
be readily deprMWd to within 6 in, of the coping level,' 
and be raised agvin, by ona raui. Whem down, the curved 
extremity of the railing liee on the whaif, and ropea, being 
prevented from getting nnder it, rise and slide along tlia 
smooth mil, thus avoiding any entanglement or obstruc- 
tion. When raised the rail is kept np by a simple catch, 
which ia eaaily released by the premnre of the foot This 
railing forms a rigid and eflBcient fence. 

The points of support, and tho mode of retaining the ^ . 
gatea in plaoe, most now be described. These compriae, S J - 
the pivot-orosa, pivot and step piece, containing the pivot- " S 
brass, the diuttmg aill, roller and anchor. 

Pivot-Cross andtke Piwt. — The foundation fin the plvot 
cousLsta of a maaaive caat-iron croea, the length of each of 
the four arma being 5 ft, from tho centre of the pivot. 
These arms, which are hollow, are IB in. square in section, 
and the metal is 2 in. thick, leaving an internal cavity 
14 in. aqnare. Btrong oak timbera, 15 ft. long, are driven 
into the«e arm*, proj eating 10 ft. beyond the ends of the 
ca>t-iron croas. Through two of these timbers, four bolts, 
2 in. in diameter, are passed down to two holding-down 
platea, which are i ft. square each, and are aet m the 
solid briokwork. Between tho arms of the oroaa, webs 
were cast, forming, irith the inoladed amu, an area of 
16 aq. ft Foor bolls, each 2\ in, in diameter, connect the 
web to a massive holding-down plate, 5 ft. square, also 
bedded 8 ft. in ths'solid work below. The pivot-cross is 

filaced with its arms parallel and peipraidiculBr to the 
ock wall, which stands on two of them; the other two, 
the upper suifaoes of which sre on a level with the bottom 
of the shutting sill, are held down by the plates and boltc^ 
as already described. On the upper snifaoe of the crosa^ 
projections were made for atlscbmg the first length of tbe 
■ shutting sill ; and exactly in the centre, a circular fillet 
was left, which iras accurately turned out, for the recep- 
tion of the pivot, which is of cast iron, 6 in. in height, 
accurately turned to a diameter of II in., in order to work 
properly in the brass of the step-piece. The lower rim is 
also toned, to fit the recess in the ^ivot-cesling. The 
nmwr step-piece is a casting I ft. S in. m depth, and about 
S ft. B in, long, strongly bolted to the under-side of the 
gate. It contiuns a rooess for the reception of tbe brass, 
which is 16 in. long, 16 in. wide, and 5 in. deep. The | 

■Idea of the recess are 2 in. thick, and the brass is accurately j 

fitted, bjmesnsofchippingpiccesand planing, Aspooewaa 
also left for end play, to prevent any strain being brought 
upon tbe pivot by tho wearing away of tbe timber beel-poit. 
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7^ Shutting SiH. — The Bhatting iiU. the outer curres of wLich eon-eipond to thoae of the 
inner ODrrea of the gates, ie cumpoBeil of eight caat-iroa segmentB, fonr on each side of the mitre- 
poiut. Its oioss-«eotioa is in the farm of an angle-iroQ, 12 in. high, 18 in. on the beil, and 2 !□. in 
tbiaknesa. Thia ia at tbe mitre or meeting point of the gates, and it gradually increaaea in height 
to 1 ft. 9 in., and in breadth to 2 ft. 3 in., reapectivelj, where it is bolted to the pivot-ctoaa. E^eh 
segment ia atiengthened by feathers, oi guaaet-pienca, at the back, at inteiTala of 2 ft. Chipping 
pieces are pmvidad on all the junction surfBCea, to ensure accniac; in fitting. The sitl was 
secured by building into the brickwork, at a distance of 8 ft. beneath it, a strong cast-iroo bed- 
plate, of the sanke area as the sill, through which bolta were placed and built in, leaving a small 
space round each olbor of them far adjustment. When the brickwork was brought up to the 
proper level, the sill was lowered down over the bolts, which were tightened np from time to time, 
and the spaces round them then gronted with cement. There are fifteen of these bolts for each 
s^ment, ten being 2 in, in diameter, and five of 1} in. in diameter, the larger bolts being placed 
as Dear as poaaiblo to the inside of the vetiioal face of the sill. As soon em the bolts were 
sufflcienUy tightened, the brickwork waa earned up to the level of the top of the sill, over the area 
uot traveled by the gates. 



Section* of Lower Gatss. 



ScdiOD of Upper Gate. 



Section of Caloon, 




The Soller. — til the case of a gate witli one roller, in order that It may work eodly and bring 
as little strain as possible on the anchor strap, the aiis of the roller most be in the vertical plane 
passing through the pivot aiis and the centre of gravity; ot the gate. Fig. 2469. If the weight is 
to be distributed on the pivot and roller in a given ratio, the centre at gravity must lie between 
them. BO as to divide the distance inversely in that ratio. This, in the case of a straight gate, 
would allow the roller to be plaoed under some part of the gate itadf; but in a curved gate, 
eaj's^ially when the carvature is considerable, such a position wonld in most cases throw an 
ondue proportion of weight on the roller. Hence, in the present instance, it was so placed as to 
be wholly eitemal to the outer curve of the gate. This, hawever, is advantageous, as it aObrda 
great facility for removing the roller for examination or repair withoat having rcconrae to diving 

The roller ia a heavy out-iron wheel, 7 in. wide and 2 ft. S in. in dismeter, working in gun- 
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metal gudgeons of large dimenBions, and kept in position by a framing of cast iron. This framing 
has at the top a hollow socket, which receives a step-piece, keyed into the bottom of a hollow 
column of cast iron, 12 in. in diameter and 23 ft. 7 in. long, and reaching nearly to the top of the 
gate. At its npper end this column is surmounted by a powerful screw, on which is placed a 
massive brass nut, working through a wrought-iron cross-head, by means of a capstan, which can 
be removed when it is not wanted. This cross-head is held down by four bolts, which are 
flattened out into straps, and are riveted against vertical pieces of wrought-iron plate, forming the 
sides of the roller-frame. These plates are connected with the whole depth of the gate by meana 
of angle-irons and gusset-pieoes. At the bottom they are carried up in a circiJar form to a 
height of about 6 ft., so as to enclose the roller ard protect it from injury. Within this, on each 
side, two brass guides are riveted to the wrought-iron-plate sides, and are carried up (in the case 
of the lower gates) above low-water mark. The distance between these guides is the width of the 
roller-frame casting. They open out into a trumpet shape near the top, and form a kind of groove, 
in which the roller-frame can slide, thus securing it from lateral movement when at the bottom. 
With this arrangement, the roller can be easily removed ; for the gates being closed, it is only 
necessary to turn back the brass nut at the top, by means of the capstan, so as to allow the cast- 
iron column to be lifted the requisite height of 2 or 3 in., to clear the step-piece at the bottom. 
The column can then be slung on the outside of the gate, and the roller-frame casting, with the 
roller, can be drawn up the groove, by means of chains attached to it for the purpose. When clear 
of the guides, it can be lowcured into a boat, or be hoisted on the lock wall ; and after examination, 
it can be replaced with equal facility. 

The roller-path is of cast iron, in the form of a bridge rail, 4} in. wide and 8 in. high. The 
flat sole, or bottom flange, which is 15 in. wide, reste on a sill of iron-bark timber; bolto are passed 
through both, down to cast-iron plates, 3 ft. long and 2 ft. wide, set in the brickwork. One of these 
plates is placed under each joint in the path, and another in the middle of each length. The path 
and roller were designed for a working load of from 12 to 15 tons. The destructive effects of a 
much greater pressure, to which they were subjected for some time, will be alluded to hereafter. 

The Anchor^ see p. 60. 

Having completed the description of the lower gates, it may be desirable to point out wherein 
the gates differ from each other. 

It has been stated that the lower gates are 81 ft. high ; and as the sills of the upper and the 
inner gates are 2 ft. 6 in. higher than the lower sill, these gates are 2 ft. 6 in. shorter, or 28 ft ti in. 
in height. Consequently, the outer skins were made somewhat lighter, and the horizontal dia- 
phragms were fewer in number. In other respecto the gates are almost identical, with two excep- 
tions, which remain to be noticed. First, the inner g>^tes are not worked by hvdraulio power; and 
secondly, sluice-pipes are not employed, but the sluicing is effected through the gates themselves. 
These sluices are rectengular, 6 ft. wide, and with a lift of 2 ft. ; and there are four in each leaf of 
the gates. They are worked in pairs, from the top of the gate, by racks and pinions ; the racks 
being hung on opposite sides of each pinion so as to balance the weights, and to open the sluices 
by raising the one and depressing the other. 

In concluding this portion of the subject, a concise summary of the weighte of wrought and cast 
iron work in the gates is appended. 

Tom. 

Wrought iron in the lower gates, including the cast-iion pivot step-piece . . . . 198 

Ditto in the upper gates 128 

Ditto in the inner gates, including the sluices 138 

Cast iron in the shutting sills, pivot-crosses, anchors, xollers, roller-paths, 

foundation-plates, fto., and bolts for each pair of gates 59 

7%e Caisson, Fig. 2474. — It has been mentioned, in an early part of this article that the ancient 
river wall or bank, which is about 5 ft. above Trinity high-water mark, proteoto the marsh from the 
overflow of the river, which rises considerably above the level of the district. This bank, therefore, 
formed a natural dam, behind which the formation of the inner works of the lock-chamber, the 
brickwork of the gates, and the other operations could be carried on ; and outeide of which a con- 
siderable portion of the piling and concrete walling could be executed. But in order to effect the 
junction of the two portions and to complete the entrance works, it was necessary to remove a lar^^^e 
quantity of material. This was done first by barrow work, and then, below low-water mark, by 
the more tedious operation of dredging. In order that this excavation might proceed simultane- 
ously with the other dock works, it was essential to provide the means for keeping the water out 
of the dock at the time when the river bimk was being broken into and carried away. Owing to 
the great width of the entrance, considerable expense and delay would have occurred had a coffer- 
dam been employed, and recourse was therefore had to a caisson. Bat this differed considerably 
in form from those in general use, and was not employed or handled in the same manner. The 
usual form of a caisson somewhat resembles that of a ship, having[ inclined stem and stem posts, 
which fit into grooves in the side walls, whilst the keel applies itself at the same time closely 
against a shutting sill. The new caisson, Fig. 2478, which was made of wrought-iron plates, is 
rectangular in side elevation, the heel-posto being vertical and shaped like those of the gates, so as 
to fit into a hollow quoin as into a kind of rebate. In plan it is like one leaf of the gates, being 
3 ft. wide in the middle and 2 ft. at each end; but it is large enough to extend across the sjMin of 
80 ft. between the lock walls. Ito curvature is not so great as that of the. gates, having a rise or 
versed sine of only 8 ft. The outer and inner curves are struck from points in the axis hue of the 
lock, with radii of 94 ft. 8 in., and 104 ft. xefl^)eotively. The height U 31 ft., which is the same as 
that of the ironwork of the lower eates. 

After the minute description lOready given of the gates, it will be unnecessary to enter into the 
aama detail here, the general strootiual anangemento bdng similar in both cases. It may soffioo 
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to ifatte that tliaie ua but fire horizontal diaphr&gma, of wUoh two fortn the bottom and the top^ 
and the thtee remaining oaea are ioterual. The lowest of these is 4 ft. 1 in. above the bottnm. the 
next 9 ft. 2 in. aboTS that, then one 10 ft. higher np, leaving a space of 7 ft. 9 in. to the top plate. 
The poritiDti of the lowest inner diaphragm is not arbitrary or unmalerial. It is placed at a di«- 
taooe of t ft. 1 in. from the bottom in order that the internal capacity or volume, compriaed betneen 
the ikiaa and the diaphragms, ahsll be equal to that of 25 tooa of water. The object of this will 
appear presently. The diaphiagma are connected by angle-irona, S in. by 3 in. in sectitm, to tba 
outer akXDa, which vary in thickness, from i in. at bottom to } in. at the top. The lengtha of the 
plates are disposed horixontallj. differing in this respect &om the gates. In width they incresM 
rwularlj fkom 2 ft. at the bottom to 2 ft. 7 in. at the top. The internal horisontal joints, except 
where there are diaphragms, are covered by T-irons, weighing 13 lbs. per foot. The Tertical end- 
jointa are covered, both on the inside and on the ontsida, with strips. The T'troi^s are strutted 
across at intervals of 4 ft. by similar f-ircns, triAngnlar guaset-platw being introdoccd at the ends 
to give more rivet-hotd and stiffness. 

The caiasoQ is also divided by two vertical diaphragms into three compartments, as in the ease 
of a leaf of the gate*. It has heel-|>oets like the gates, and a liniiig piece of oreosotud Meiael 
timber to meet the shutting sill. This timber, having to carry the weizht of the caisson, is made 
of full scantling 15 in. square. It is also provided near the bottom with two rectangular sluices ; 
one 3 ft. 9 in. long and 9 in. high, allowing the water to pass through the gate to fill the dock : 
and the other 10 in. square, opening on the concave aide to admit water into the bottom compart- 
meut, already described as having a capacity for 25 tons of water. A three-thio# pump, the work- 
ing uirrels being 4f in. in diameter and 12 in. stroke, is provided lor emptying this compartment, 
and with the sluices is worked by gearing from the top. 

The caisson quoins are of Duke's Quarry stone. They are placed In the brickwork of the side 
walla, where tbej begin to rake back from the perpeudicnlar to meet the batter of the piling. The 
aill against which the timber liner shats is of the same stons. The caisson itself rests on the heads 
of the piles whioh surround and enolose the biiok platforms, and which are here driven in a curre 
corresponding to that of the caisson. 

In order to understand the working of the caisson, ^"- 

it is necessary to observe the distribution of the dis- - - 

Elacement spanea in the interior. Fig. 2477. The 
iwer one of 25 tons lias been already pointed out. 
Above this, the vertical diaphragms divide the re- 
mainder into three spaces, the middle one having a 
c»paoityror25'7tonsof water, and the two outer ones 
for 14-68 tons each. Of these, the two last meutioDed 
are kept empty. The middle one has apertures on 
the convex side so that water can freely enter the in- 
terior vrttJiont passing through. The lower one is showing .he arrangement of the compoiUiieuu 
provided with special apparatus for filling or emptying ^ q,, CsiBSon 

at pleasure. The weight of the csissoii being about 
tlO tons, if the water is pumped out of the bottom, the displacement will etend thus ; — 

Bottom 25-00 

Bight compartment 44-68 

Left „ 44-68 

Total 114-36 

This gives a floating power above the weight of the caisson of 24-36 tons, when it would Soai 
with the oonvex side downwards in a nearly horizontal position. If the small sluice was opened 
water would enter the bottom compartment, causing the caisson to tilt over, and gradually to assume 
a vertical position. During this time it could be drawn towards its place, and the heel-posts coming 
in contact with the quoins, the caisson could be gmded into its proper position. If this operation 
was performed at the time of high tide, when there is ft depth of 28 (t. of water on the sill, the 
lower compartment being full and the caisson in a vertical poHition, the displacement of the two 
^de compartments would be diminished to39'8toDS each, or 79-6 tons together; so tiiat in this 
case the caisson would press the bottom with a load of 104 tons. 

It will be seen that a caisson of this construction requires to get it out of its place only such a 
depth of water as will just float it, and as soon as it is trea from the quoins it can be turned on its 
side, when it will present little surface to the wind, be quite stable in management, and not draw- 
ing more than 4 ft. water, can be readily moved from place to place. 

In employing the caisson at the entrance to the Victoria Docks, the precaution was taken to 
put timber struts against the inside from sills bedded temporarily in the brickwork. A bed of clav 
puddle about 6 ft. high was also placed on the outside. No indication of weakness was observed, 
nor was there any leakage, the caisson doing it* work perfectly. The greatest strain on the bottom 
seotion, with the entire nead of SI ft. of water, amounts to 86'5 tons per foot of depth, and such a 
Motional area is provided, exclusive of the bottom diaphragm, that the strain does uot exceed 
4} tons per square inch, 

Caiualliea, — The cssDalties whioh ac«iiiTed during the construction and subsequent to the open- 
ing of the docks, with the means adopted for remedying them and preventing their recnrrin?e, will 
BOW be noticed. 

Fractun of (A« Shutting Sill,— Tho earliest of these casualties, which was in fact bat of minor 
importance, waa the ftactore of the shutting sill. The cast-iron shutting sill, as before stated, is 
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not only bolted down to foundation-plates, set in the brickwork, bat ia firmly connected, at eaoii 
end, with the pivot-crosses, which are built into the heavy side walls. It wUl readily be inferred 
that the side walls, and with them the pivot-crosses, would settle to a greater extent than the com- 
paratively light brick platform between them, and with it the corresponding portion of the sill. 
»uch was found to be the case ; for soon after the side walls were finished, the pivot-crosses were 
carried down about 1^ in. on each side, while there was little or no subsidence of the sill in the 
centre. In consequence of this unequal pressure, the shutting sill was cracked about 3 ft. from the 
mitre ; but the opening being very slight, the defect was readily repaired by bolting a plate of 
wrought iron at the back. This accident, slight as it is, points out the importance of g^iarding as 
much as possible against the effects of uneqiud loading, especially where cast iron is employed, in 
connection with brickwork or masonry. It suggests also the obvious expedient of allowing the 
side walls to settle before the holding-down bolts of the sill are finally tightened up. 

Subsidence of the Side Wails of the Lock-Chamber, — This casualty was of a more serious character, 
involving the cast-iron and concrete walls of the lock-chamber. It occurred on Sunday, the 17th 
of June, 1855, at a period when great progress had been made with the works, — for the upper 
and lower gates had been lifted into their places, the caisson was nearly completed, the copings on 
the wharf were being laid, the bottom of the large dock was puddled, and, indeed, the removal of the 
river bank and the dredging at the entrance were the principal operations that remained to be 
done. There had been no symptoms of weakness, nor any premonition of what was about to take 
place, except that on the previous day some joints in the coping on the south side were observed to 
oe a little open, but to so slight an extent that the circumstance was not reported. The next day, 
however, in the afternoon, the portion of the north side lying between the brickwork of the upper 
and lower gates began to give way, moving forward bodily into the lock, pushing up the thick 
puddle towards the centre, bending and broking the tie-bars behind, and dragging the tie-piles 
forward, and in some instances breaking them off. A few hours afterwards the south side failed 
in the same way; but the brick side walls and platforms remained wholly unafllscted, the most 
careful observation failing to discover any movement in them. 

It being Sunday, some time elapsed before any men could be collected. They were first set to 
work to drag off the copings, and to lighten the earthwork behind. The most energetic measures 
were then adopted for reinstating the walls, and for this purpose the old concrete was cleared away 
from behind, and the iron piling was driven to a depth of 10 ft. lower than previously, the sheet- 
piles entering 5 ft. into the clay. A solid concrete wall was then conmienced, at a depth of about 
3 ft. in the clay, which was carried up for a height of 18 ft., with a thickness averaging 18 ft. 
Above this level, the thickness was reauced to 10 ft., with counterforts 6 ft. square at intervals of 
10 ft. These counterforts were carried up nearly to the top of the piles. On this concrete wall 
there was built a brick wall, averaging 4 ft. 6 in. in thickness and 10 ft. high, with counterforts 
at the back 3 ft. square, corresponding in position to those of the concrete below. On the top of 
this wall the coping of the wharf was placed. The piles were tied back by the rods passing 
through the concrete and secured to cast-iron plates screwed up tight against the back of the con- 
crete wall. The whole of the day puddle in the bottom was taken out and replaced by concrete 
with a top layer of Portland cement concrete 6 in. in thickness. This work was completed by 
the 21st September following, or in a little more than three months. Considering the number of 
piles that had to be re-driven, and the quantity of material to be moved and replaced, it must be 
admitted that the work was expeditioujily executed. 

A failure, occurring so suddenly and on so large a scale, and appearing to be the result of an 
extended and powerful agency, demands some attempt at explanation. This will be better under- 
stood, after some preliminary observations. Ever smce the commencement of the works, in the 
middle of the year 1853, the great pumps had been worked night and day. These were situated 
to the rear of tne north wall of the lock-chamber, between the upper and lower gates, and at no 
great distance from them. They drained the water down to the level of the floor of the look, the 
additional depth required for getting in the lower brickwork being kept free ftom water by means 
of a portable enjrine, lifting into the sump of the large pumps. As this operation had been going 
on uninterruptedly for two years, during which time a large excavation, to a depth of 16 ft. below 
the level of the marsh, was in progress, the surrounding country was gradually drained of its 
land water, for a considerable distance, in all directions. In corroboration of this remark, it may 
be stated tnat the water in a well situated in East Ham perish, more than two miles and a quarter 
from the docks in a direct line, was much lowered while the works were in progress, but it 
recovered its level when they were completed. At the time of the accident the pumping had 
been discontinued for some weeks, in order to allow water to collect in the dock to a depth of 3 ft^ 
to test the clay puddle ; but it was excluded from the lock-chamber by a temporary stank. It 
would result from the jfact of the ground gradually recovering the charge of water which had 
been drained from it, that additional pressure would be brought upon the back of the lock walls, 
and under disadvantageous circumstances ; for while, in ordinary cases, where there is a possibility 
of water collecting behind a wall, provision is made for letting it escape, here, from the nature of 
the case, this was impossible, and its effect was in consequence aggravated. The substitution 
of clay puddle for the gravel at the bottom, was to a certain extent an evil, as the walls were 
thereby deprived of weight at the foot, the tendency of which would have been to prevent forward 
motion. A further confirmation of the opinion that the failure resulted from the action of 
accumulated water, is suggested by the fact that the movement of the two sides was nearly 
simultaneous. 

Fracture of the Pivot- Casting, — This occurred to two out of the four gates of the entrance lock, 
and it was some time before the true cause of the failure was discovered. This casting, which is 
bolted to the imder-side of the gate, has been described as having a box, or recess, of an octagonal 
form, to contain the pivot-brass. It was found, in each case, that the same adjacent sides of the 
box nad given way, namely, those between the brass and the hollow quoin, and between the brass 
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and the shntting sill respectively. It Ib also neoessary to state that in fitting the heel and the mitra 
posts, it was considered desirable to make allowance for some shrinking and compression of the 
wood. Provision to the extent of -^ of an inch, in the length of the two leaves, was therefore 
made; but experience showed that this was more than was required. As the mitre-post oould 
not be easily reduced, so as to permit the timber sill 

to be brought into perfectlv close contact with the ^^^ 

iron one, a lining piece of thick flannel was secured 
to the former by copper nails, to make the joints 
water-tight. When the first fracture occurred, it was 
attributed to some irregular or undue thickness of 
this .lining near the heel-post, or to the accidental 
interposition of a hard substance between the timber 
and the iron sills. A portion of the fiannel was there- 
fore removed, and diligent search was made for any 
iron bar, chain, hard wood, or stone, which might 
by possibmty have occasioned the mischief, but with- pi^p of the under^.le of the pivot-niece, showine 
out success. The broken box was repaired, as shown ^y^^ cast-iron fish and the broken portions, 
in Fig. 2478, by bolting on a cast-iron fish-piece to 

one of the side fiauges of the pivot-piece, which was conveniently situated for the purpose. This 
operation of drilling three holes, f of an inch in diameter, through a thickness of 2^ in. of cast 
iron, under water, and of bolting on the fish-piece, was accomplished by a diver in about five hours. 

Notwithstanding every precaution, the fish-pieces were frequently broken, and it became evident 
that the true solution of the problem had not been discovered. The north upper gate having 
proved the most troublesome, and its pivot-casting having been further damaged by the use of a 
wrought-iron fish-piece, it was resolved to fioat the gate in order to investigate more closely and to 
replace the casting hj a wrought-iron step-piece. From the appearance of the brass it was evident 
that it had been subjected to great pressure. In consequence of the radius of curvature of its in- 
ternal surface having been erroneously made somewhat less than that of the pivot, the pressure, 
instead of being distributed over the whole area of the step, was found to be restricted to a com* 
pnratively small annular portion situated near its circumference. The corresponding surface of the 
orass may be oonsidered as a portion of a hollow cone, which would aggravate the effect of the 
pressure according to the disparity of the two curvatures, the ultimate result being that the brass 
seized or adhered to the pivot to such an extent that the gate turned upon the brass inst^ul of upon 
the pivot, breaking away the walls of the box in the effort to free itself. The great weight on the 
pivot is accounted for bv the fact that, owing to the leakage through the bolt-holes of the heel and 
mitre posts, and through some portions of the gates, the calking of which was ^not complete at first, 
the gates were frequently nearly full of water. In the case of the lower gates, the points of sup- 
port, namely, the pivot and the roller, were sustaining from 40 to 45 tons each, instead of 12 or 
15 tons, the working load which each was intended to carry. The leakage was soon remedied, and 
the gates then having a proper amount of flotation, no fracture from this cause has since occurred. 

It must be borne in mind that hydraulic machinery was employed from the flrst to open and 
shut the gates, and although a great additional power must ha^re been required to open the gates 
when this seizing had taken place, a resistance represented by the force required to break down so 
large a section of cast iron, there were no ready means of measuring its amount or even of detecting 
its existence. If manual labour, at a crab, had been made use of, the resistance and the remedy 
would have been speedily discovered. It is, perhaps, worthy of consideration whether it would not 
be the most prudent course, in cases of this Kind, to resort at the outset to a temporary expedient 
similar to the one alluded to, and when the true working regime has been ascertained to revert to 
the permanent arrangement. 

There has been one instance of a flsh-pieoe being fractured in consequence of a large fender, 
through carelessness, being lodged between the gate and the sill near the heel-post while the gates 
were being rapidly dosed. To avoid such a contingency, the sill might be formed like an invert, 
the heel-posts being thereby raised several feet above the floor of the lock-chamber, then an^ 
obstruction calculated to do injury would have a tendency to fall towards the mitre-posts, where, if 
it were interposed between the gate and the shutting sill, it would be quite harmless. 

Abrasion and Splitting of the BoHer^Path, — This occurred at the lower gates only, and was a direct 
and intelligible result of the weight of the gates, caused by the leakage just mentioned, in conse- 
quence of which the load the path had to sustain was for a time three or four times the weight 
whi£h it was intended to bear. The new path was made 7 in. instead of 4^ in. in width, and in 
substituting this for the former one by means of divers, great ftu^ilities were afforded by the hard 
wood timber sill, for ensuring the accurate level and the adjustment of the several lengths. 

On the Construction of the Jetties. — In the early part of this paper the jetties were incidentally 
noticed, and their number, situation, and general dimensions were briefly pointed out. It is now 
necessary to describe the mode of constructing the quay walls, and to give some other pojrticulars 
relating to this portion of the works. 

In general form. Figs. 2479 to 2483, each jetty is a parallelognm, 140 ft. in width for a length 
of 497 ft., and having a pointed or wedge-shaped termination, the sides of which are each 109 ft. 6 in. 
long, and incb'ned to one another at an angle of 80°. The total length of each ietty is 581 ft., and 
the level of the quay varies from 6 fk. to 9 ft above Trinity high-water mark, according to the 
situation of the jetty in the dock. 

A warehouse, comprising an upper floor, ground floor, and vaults underneath, nearly approach- 
ing an acre in extent each, occupies a length of 500 ft. and a breadth of 80 ft, out of the entire' width 
of the jetty, leaving a space 30 ft. wide on each side to the edge of the quay, for the railway, sidings, 
and the temporary storage of goods. In order to afford facilities for the discharge and arrangement 
of goods, each jetty is provided ?rith nine hydraulic cranes. One, capable of lifting 5 tons, with a 
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ntige of 31 n. bejrond the qnay, is jiIrcoI at Ihs pointoil 
end, uid eight othera lifting 2 lona each ue disposed in 
pain at otniTenient distaiicea tloag the Bides. One crane 
of each paii ia flxed near the edge of Uie qua;, with a 
sweep outwordB of from 21 tn 23 ft, and the other is 
plaoed Rgainet the outsids wall of the warehouse, for the 
purpose of remOTing goods to or from the upper floor ot 
the vBults beneath as may be required. Sidings aud 
turn-tables are also proTidad at the rear of the Jetties, for 
the parpose of collecting or dlstrlbittliig the wagons on 
the line of lailwaj leading to and from &e docks. 

The tdde walls, which are verticftl, ooneist of castfron 
pilea, driven 7 ft. apart from centre to centre, and upright 
Inverted walls of brickwork, 11 in. thick, flUed in between 
the pilea, and set In Roman oement morW. The ooncave 
aninae of the iuTert, which haa a Tersed dne of 12 in., 
ia external, or in contact with the water of the dock ; 
while the oonvei, or inner enufaoa, is booked with oon- 
orete, and behind this with olsy. The piles, which are 
T-shaped in section, are S5 ft. long, 12 in. wide on the 
faoe, and, aTenigingli in. thickness of metal, weigh 
aboat 11 ton each. The? are connected, In pairs, across 
the width ot 140 ft^ by two tiers of harlKontal tie-bars, 
2 in. in diameter, and fixed to the b«ck feathers of the 
piles, which are 18 in. deep, by means of eye-bolts fur- 
nished with a screw, by which the piles can be adjoated 
■o as to be exactly in line. The npper and lower tie-hais 
ue fixed at depths of 6 ft. and 17 n. below the beads of 
the piles, which are thus oreTented tmn being forced 
ontinud by the pressure of Uie earth behind them. The 
pOea are driven to a depth of 28 ft. below Trinity high- 
water mark, entering tbe gravel 2 ft. below the clay- 
Saddle lining of the dock, and, as this is 2 ft. thick, io a 
epth of 4 ft. below the finished surface of the bottom of 
the dook. The brickwork is oommenocd at a depth of 
23 ft. below Trinity high-water mark, or 1 ft. above the 

bottom of the duck, aud is laid on concrete 3 ft in thick- j^ 

ness. The oonorete wall is carried up behind the brick- IS 

work, with an average thickness of 8 ft, 6 in. The back 2 

of the oonorete wall ia made itraight and vertical, and S _ 

against this the olay backing is filled in. The pointed ' | 



with a maaa of ooncrete. This not only serree the pnr- 
pose of resisting the heavy blows to which thia part of 
the work is exposed, but also forma a solid foundation for 
the 5-ton crane, which has been already mentioned. The 
top of the wall is covered with a cast-iron cappino;, bolted 
down to the heads of the piles, and finished off with a 
timber sill. The upper sunnoe of the jetty, not occupied 
by the warehouse, is ballasted, and some portions of it, 
adjaoent to the edge of the quay, is oovered with plank- 
ing. In order to prevent the passage of water from the 
■lock under the walls, the clay puddle was brought up on 
the ontside to a height of 5 or 6 ft. wdnst the piles and 
brickwork, so as to fill up the angle hnaed by the verti- 
cal face with the floor of the dock. 

It may be interesting to notice a circumstance which 
oemrred soon after the water had been let into the dock, 
and which appeared to indicate at the time that the 
walla were not Impervious, notwithstandine the precau- 
tiona taken to render them so. It will be observed, Fj^. 
24B2, that the floor of the vaults under tlie waiehouao m 
aboot 2 fL e in. above the level of the marsh, and there- 
fore 6 ft. belov that of the water in the dook. when stwid- 
fngat Trinity high-water mark. It was fonnd, soon after 
the water had ziaon to that level, that it appeared in the 
vaults to an erteni which onfltled them for the pnrpoaes 
for whteh they were designed, the effect being aggravated 
at spring tides. It was thoaght that the water must have 
oome from the dock, «ithei by direct leakage tbioogh 
the walla, bv naaing noder them, or down the pilee into 
the gravel below, and thence npwarda again into the 
vanlta. In order to obviate the tnconv^euce arising 
^m it. pipes were laid beneath the fioora against tho 
side walla as low as poMlble, but retaining a good fall 
into the marsh drain ; and careful obaervationB of the 
qoantilies of water discharged bv them wera made ttota 
time to time. It pxa became evident, however, that the 
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tratet diffflred in cbaiscter from that of the dook, by itt containmg mneh iroti, which wu deposited 
ia the (brm of ft nut; mud at the months of the drains, and that the qoantit; lenaiblf dimiDJahcd. 
From these fKts it was inforred that the vater came from the gravel, rising, on the discontinnance 
of the pumping, to the general level of the district, which experiments showed to be within a few 
inches of the surface. & the case of the vanlts the water found its way np the oonorete wslls, 
which, restiQK on the gravel, formed the foimdatioa of the walls of the wsrehonse. The dis- 
charge from the drains ia now slight, and is apparently independent of the rise of tide. This is 
probably due, porWy to the consolidation of the groulid against tlio concrete walla, and pnrlly to 
the gradual silting upof the parous materials bv the rusty deposit. This explanation has recently 
received a singular oonfirmatioa from the fiicl tliat, while the founJations were being put in for a 
warehouse, which has just been erected on the level of the marsh on the north side, and tlie watrr- 




Adrantagt of the Ci/Kndriad Fimn of Ijxk Qata. — 8om« advantages of the cyliodrical form of 
lock gates, or gates of aontiauous curvature, with respect to economy of material bihI ammgemcnt 
of parts, will now be pointed out. 

By the term " cj'liodrieal gates or gates of continuous curvature," adopted for the purpose of dis- 
tinguishing them from gates formed llhe a Gotliic eroh-, a common and useful modiflcetion of the 
straight gates, it is intended to denote that the two leaves constituting the pair form a portion of a 
cyliudrioj ring, the outer or convex curve being the arc of a circle, extending from one heel-post 
ti) the other, and therefore continuous, whilothe inner curvets concentric with the former or nearly 
eo. II is in the case of gates of large span that it is found advantageous to modify the form of the 
inner oarve so as to reduce the thickness or distance between the skins of each leaf from its centre 
to the heel and mitre posts, in order to restrict the dimensions of the timber in these places. For 
this purpoae two arcs are struck, one for each leaf, from centres which ire near to each other, and 
with radii, which, while giving the proper thickness in the middle, secure, at the seme time, the 
required diminution towanls the ends. In this case, therefore, the inner cirves would form a slight 
angle or mitre. In oomparing this mode of construction with that of t'le straiglit-l caved gate^ 
m^ing at an angle, it is not intended to claim any advantage, either with regarri to the amount 
of the strain braoght upon the lock walls, or to the direction of it : for with the same rise and span 
the amount and direction of this thrust will be the same. This is not the case with the sections, 
and consequently Uie weights of the gates : for a cotuiderable, not to say enormoas saving, will bo 
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found iu favour of the cylindrical form of gate, even within the limits of the ratios of rise to span^ 
assigned by every-day experience. 

Before proceeding to exhibit this saying by actual examples, and in a numerical form, a few 
remarks on the strains to which these structures are exposed, and the mode of calculating them, 
will be advisable. In the case of the cylindrical gate, the pressure of the water being supposed to 
act on the convex side will be proportional to the depth, and in a direction normal to the surface. 
It will induce a strain on the gate wholly compressive, so long as it retains its true form, and it will 
be uniform on every radial section in the same horizontal plane. The amount of this strain has 
been shown by Barlow to be the pressure on the unit of surface, multiplied by the radius of curva- 
ture. This aflbrds an easy method of calculating the section required to resist this strain at any 
given depth. 

In the case of straight gates, however, there are two distinct strains to be considered ; first, a 
transverse strain, arising from the pressure of the water at right angles to the surface, and similar 
to that on a girder uniformly loaded ; and secondly, a compressive strain in the direction of its 
length, produced by the pressure of the other leaf on its extremity. 

The transverse strain may Jt>e considered to arise from a central pressure, equal to half the dis- 
tributed pressure on the leaf, and calculated as in the case of a girder ; while the compressive strain 
is equal to this central pressure, multiplied by the cotangent of the angle between the gate and 
the chord line, at the heel-post, or by the tangent of half the angle at the vertex. Hence, if the 
angle at the vertex is 90'^, the compressive strain is equal to the contra! pressure on the opposite 
leaf; if the angle is about 127^, or the ratio of the rise to the span is 1 to 4, as in the gates of the 
Victoria Docks, the compression is twice the central pressure ; while in an extreme case, though an 
actual example, that of the ancient lock of Spamdam, where the angle is about 165|°, and the rise 
is -jI^ of the span, the compressive strain is eight times the central pressure, or four times the total 
pressure, dis^buted over the opposite leaf. In calculating the strength of straight gates, a section 
must be provided, which is sufficient not merely to resist the compressing and extending strains 
brought on the outside and inside skins respectively by the pressure of the water, but also the com- 
pressive strain due to the other leaf, a strain which has been shown to be considerable in amount, 
even in cases falling under ordinary observation. 

The next consideration is how and in what proportion the compressive stialn due to one leaf is 
distributed through the skins. This, it is evident, cannot be determined accurately, for while on 
the one hand the effect of deflection might be to relieve the outer skin of a portion of its share of 
the work ; on the other hand, the action of the hollow quoin, and the practice of making the joint 
of the meeting posts tight at the shutting sill and easing it upwards, would tend to increase the 
dut^ on the outer skin. It may be sufficient for the present purpose to assume that it is equally 
divided, half going to increase the compressive strain on the outer skin, and half to counteract or 
neutralize the extension strain of the inner skin, an assumption which, at any rate, is in favour of 
the straight gate. 

For the purpose of comparing the quantity of material required under the two modes of oon- 
struction for accomplishing the samo object, it will be convenient to take three cases ; — 

First, that in which the ratio of the height or the versed sine to the span is small, say 1 to 10. 

Second, that in which the ratio is intermediate between the extremes, say 1 to 6. 

Third, that in which the ratio is large, say 1 to 4, as in the case of the gates of the Victoria 
Docks. 

Since the pressure of the water varies with the depth, it will be convenient in every case to 
consider a portion or element of the gate only bounded by two horizontal planes 1 ft. apart, and 
immersed at such a depth that the pressure per unit of surface = 1, say 1 ton a square foot. In each 
case the span will be taken as equal to 80 ft., and the thickness of the gate, or distance between 
the skins, as 3 ft. 

In the first example, that of the straight gate, the rise being ^ of the span, or equal to 8 ft., 
the transverse strain in the centre of one leaf due to the pressure upon it will be 6*39 tons, either 
of compression or extension. Consequently, the section to be provided, allowing 4 tons to the square 
inch for compression, and 5 tons per inch for extension, must be 

69*3 

—^ = 17'3 sq. in. on the compressed side. 

— ^- = 13*8 „ extended side. 

In this case the tangent of the half angle at the vertex is 5 ; hence the compressive strain is twice 

and a half the distnouted pressure on the other leaf, or 40*78 x 2^ = 102 tons. Then adding half 

of this, or 51, to the 69*3 representing the compression due to transverse strain, and deducting it 

from the same quantity, representing the extension due to the same strain, two quantities result, 

120*31 f4 30*11 

namely, 2g.3[ which divided respectively ^7 \^ give ^.;t> for the areas of the compressed and 

extended sides respectively, making in the aggregate 33*8 sq. in. centre section. It must be 
remarked that this assumption, that half the compression may be regarded as counteracting the 
extension on the inner or extended side of the gate, could not in all cases with prudence be acted 
npon, for in many instances the thickness of the plates would be reduced to an impracticable extent 
or so as to induce other inconveniences. It is a question whether the whole of the compressive 
strain may not at times be borne by the compressed section, and if so a much larger aggregate 
section than that stated above would be required^ in fact it would entail an addition of nearly 
70 per cent. The truth probably lies between the two. At the present time, that assumption is 
employed which is most favourable to the straight gate ; and the wide difference in the results, 
according to the view taken, is stated as another illustration of the great importance of taking this 
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oompressiye strain into account, in calculating the section and consequently the weight required^ 
The section just obtained is the centre or maximum section. Before a correct comparison can be 
made with the cylindrical gate, the mean section must be arrived at. To do this it must be recol- 
lected that at the ends, where in a girder, speaking theoretically, the section of the flanges is 
vanishing, a lock gate must always have section enough to resist this compressive strain, and so of 
every other section. Hence, if 102 tons be the compressive strain, and reckoning 4 tons per square 
inch, there must be 25*5 sq. in., which with a centre section of 83*8 will give a mean section of 

; = 29-6 sq. in. This multiplied by the length 40-78 of the gate = 1207, which repre- 

sents the quantit^r of material, or weight in the element, or portion under consideration. 

In the oylindncal gate the mean section can be calculatea from the compressive strain, which is 

equal to the pressure per unit of surface (in this case, as in the former, taken at 1 ton a square foot) 

multiplied by the radius of curvature. The radius of curvature for the arc of a circle whose height 

is 8 ft., and base or chord line 80 ft., is 104 ft., and reckoning 4 tons an inch for compression, the 

104 
section required is -^ = 26 in., which is also the mean section. This multiplied by 41*02, the 

length of the arc representing one leaf = 1066, which represents the quantity of material or weight 
in the element of the leaf. 

The quantities, tnerefoie, stand thus ; — 

1207 in the straight gate, 
1066 in the cylindriod gate, 

the latter exhibiting a saving of more than 11) per cent. 

In this case the ratio of the height or the versed sine to the span is small, and is less favourable 
to the cylindrical gate than in the following examples. The calculation is given with some detail, 
that the mode of conducting it and the assumptions may be clearly understood ; but as the same 
method has been followed in the succeeding cases, the results may be more summarily stated. 

In the second example, in which the ratio of the height to the span is 1 to 6, the span being 
80 ft., the height 13*3 ft, and the thickness of the gate, or the distance between the skins, 3 ft., 
there is in the straight gate a transverse strain in the middle of 74*06, and a compressive strain of 
63*25, requiring a mean section of 25*35 sq. in., the compressive strain being supposed to be 
equally distributed in the two skins. Then 25*35 multiplied oy 42*16, the length of the leaf, gives 
1069, which represents the quantity of material as before. In the cylindrical gate, the radius of 
eurvature being 66*66 ft., the mean section is 16*66 sq. in., which, multiplied by 42*89, the length 
of the arc, gives 715, representing the quantity of material. The quantities, therefore, are 1069 in 
the straight gate, and 715 in the cylindrical gate, the latter showing a saving of 33 per cent. 

In the third example, in which the ratio of the height to the span is 1 to 4, as in the gates of the 
Victoria Docks, the span being 80 ft., the height 20 ft., and the thickness of the gate, as before, 
8 ft. ; there is in the straight gate a transverse strain in the middle of 83, and a compressive strain 
of 44 *7, requiring a mean section of 24*8 sq. in., which, multiplied by 44*7 the length of the leaf, 
gives 1 1 17 to represent the quantity of material. In the cylindrical gate the radius of curvature 
Being 50 ft., the mean section is 12*5 sq. in., which, multiplied by 46*36, the length of the arc, 
gives 580 to represent the quantity of material. The quantities, therefore, are 1117 in the straight 
gate, and 580 in the cylindrical gate, exhibiting a saving of 48 per cent. 

The following Table contains several additional examples, and exhibits a tolerably complete 
comparison of the quantities under the two points of view, through a progressive ohange in the 
ratios from 1 to 10, 1 to 9, and so on, to 1 to 2*66. 



Ratio Rise 
to Spaa. 



1 to 10 
9 



1 1 
t * 

* * 
* « 
» * 

> » 



8 
7 
6 
5 
4 
3 
2*66 



Vertical 
Angle. 



TraiiBverae 

Strain In the 
Gentre. 



157 22 
154 58 
151 26 
148 10 
143 8 
136 24 
126 52 
112 38 
106 16 



69*32 
69*94 
70*82 
72*08 
74 06 
77*32 
83-83 
96-27 
104*15 



OompreaBlire 

Strain dne 

to Opposite 

Leaf. 



Strai^tGatQ. 



Qrliwlrkal Oate. 



Mean 
Section. 



Quantity of 
MaterUO. 



MeaA 
Section. 



Quantity of 
Material. 



102 
92 
82 
72 
63 
53 
44-7 
86 
33-3 



3 
5 
9 
3 

8 



29*6 


1207 


26 


28-4 


1164 


23-6 


27*25 


1123 


21-25 


26-25 


1092 


19 


25-3 


1069 


16-66 


24-8 


1011 


14-5 


24-9 


1117 


12-5 


26 


1250 


10-8 


28 


1400 


10-4 



1066 
975 
885 
801 
715 
64a 
580 
552 
558 



It also shows that this quantitv reaches its minimum value in the straight gate when tho 
vertical angle is about 136°, and in the cylindrical gate when the angle is about 112°, corresponding 
to the ratio of 1 to 3. A still more important fact is, that the absolute minima in the two cases 
differ so considerably that, if the quantity in the straight gate at that limit be represented by unity, 
the quantity in the cylindrical gate, at its minimum, descends to one-half or thereabout. 

It is to be observed that, in calculating the mean section of the straight gr&te, no allowance has 
been made for loss of area by rivet-holes on the extended side, and since, m order to ensure the close 
fitting of the plates to render the gates water-tight, the rivets must be placed closer together than 
in ordinary girder-work, a larger provision for cover plates should be made than is usual, the 
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difference, whatever it amounts to, being wholly in fiiyonr of the cylindrioal gate. Again, tho 
horizontal diaphragmB, which correspond to the middle web in a girder, form a large percentage 
of the entire weight of the gates, amounting to 17 per cent, of the ^tes of tho Victoria Docks. In 
the case of the straight gate, considered as a girder, it is the practice to neglect the middle web in 
calculating the sections ; but in that of the cylinorical gate, where the stein is compressiye, the 
area of the horizontal diaphragms is clearly admissible, and results in a large advantage if properly 
constructed with a view to this duty. Some advantage might also be claimed for the arched form 
of the skin plates in resisting pressure, as comjparea with perfectly flat plates; but as the deter- 
mination of the strain on the latter due to this is not a simple problem, it will suffice to draw 
attention to the circumstance in general terms. 

In the course of the foregoing description of tho gates of the Victoria Docks, allusion has been 
incidentflJlv made to another practical advantage of this form in affording greater facility for 
removing the roller, in consequence of its external position. In a straight gate this would not be 
so conveniently effected, because its proper position is under the gate, and its diameter would also 
be thereby somewhat restricted ; while, on the other hand, the straight gate possesses the advan- 
tage of permitting a longer shaft to be made use of. 

But a still greater practical advantage, and, next to the saving of material, the most important 
one arising out of the cylindrical form, is the uniform thickness of plates in the same horizontal 
section. This, of course, is in consequence of the umform compressive strain on the radial section. 
If the comparison were between two girders only, one having plates thicker in the middle than at 
the ends, and the other with a uniform thickness throughout the length, there would not be so 
much to remark upon it. It is true that in the case of the girder with bottom or top plates of 
nneoual thickness, good workmanship requires the insertion of packing strips to ensure the even 
bedding of the angle-irons, but in lock gates the skins and diaphragms nave to be put together so 
as to be water-tight, and every joint has for this purpose to be covered with strips and to be calked. 
Practical men well know how difficult it is to accomplish this when plates of aifferent thicknesses 
come together. As the pressure upon the gate and, conseouently, the section rec^uired, diminishes 
from the bottom upwards, the plates are necessarily reducea in thickness in a vertical direction, but 
they remain constant in the same horizontal plane when disposed in the manner shown in the 
caisson. Hence the difficulty alluded to has to be contended with in one direction only, and can 
be effectually overcome. But in straight gates it becomes serious, and is further complicated with 
the cover plates on the extended side, which would be converted into a species of yerj wide cover- 
ing strips running in a vertical direction up the gate, and by their thickness unduly adding to the 
weight and to the risk of imperfect jointing. 

It must not, however, be concluded that the inconveniences of the cylindrical mode of construc- 
tion have been lost sight of. No doubt the curved work entails additional cost in the manufacture, 
and should only be entrusted to contractors of experience and reputation. It also to a certain, but 
not to a large extent, diminishes the surface of heel-post in contact with the hollow quoin. It 
likewise, from the curved form and depth of the gate-recess in the side walla, somewhat breaks the 
quay line, and, where the curvature is considerable, renders the application of fenders desirable to 
prevent the concave side of the opened gates from being run into. Most of these are, after all, 
insignificant objections. The first, the cost of workmanwip, is more than abundimtly covered, by 
the great saving in material shown by even the most unfavourable example. 

The Tyne Docks at South ShieUb. — The account that we give of these important docks is taken 
from a paper by T. E. Harrison, given in the Minutes of the Proceedings of the I. C. £., 3rd May, 
1859. 

The docks are constructed on the banks of the river Tyne, at the upper end of South Shields, 
on a large area called Jarrow Slake, which is covered with water at spring tides to a depth of from 
5 ft. to 8 ft.. Fig. 2484. The whole area of this slake, so covered, was about 350 acres, and of this 
quantity, 179 acres are now enclosed by the works of the docks. 

The area of water in the dock, as executed, is 50 acres, the depth of the water being 24 ft. 6 in. 
at an average spring tide. The entrance basin is 9} acres in extent, with a depth of water of 25 ft. 
for a width of 200 ft. in the centre of the channel, gradually shoaling to the sides. There is one 
entrance 80 ft. in width in the clear, and there is a lock 300 ft long by 100 ft. wide, with gates 
60 ft. in width in the clear ; the sills in each case are laid 24 ft. 6 in. below high water of an 
average spring tide ; such spring tides having a lift of 14 ft. 6 in. Figs. 2485, 2486, and Figs. 2489 
to 2493, show these arrangements, and also sections of the locks. From accurate observations taken 
at each tide for two years, it appears that there would only be sixteen days in the year in which a 
vessel, drawing 20 ft. of water, could not go oul 

The contract for the execution of the whole of the works, as designed by T. E. Harrison, the 
engineer-in-chief, was let to James Gow in June, 1855. The works were commenced in July, 1855. 
The foundation-stone of the masonry of the locks was laid in September, 1356 ; and the water was 
let into the docks in December, 1858. The first vessel entered in Januaiy, 1859, and the docks 
were formally opened for general traffic on the 3rd of March, 1859. The works were executed under 
the immediate superintendence of Robert Hodgson, resident ennneer. 

The total quantity of excavation in the docks was 1,783,452 cub. yds., and in forming the standage 
ground 281,305 cub. yds. The total quantity of masonry of all descriptions was 2,900,000 cub. ft. 
The whole cost of the works up to the date of the opening for public traffic was 440,479/. 9s. Sd, 
This sum included all the stanaage and railway approaches, the shipping jetties, the purchase of 
land, and all the dock works, but it excluded parliamentary ana other charges, exclusive of 
engineering. 

The first point of engineering interest is the nature of the foundations. A series of careful 
borings showed that though there was in places a very strong stony clay resting on the coal- 
measures, yet that this clay was only partial, and that it dipped suddenly away. Within a few 
yards of the clay bed, borings were niade to a depth in some places of 70 ft. and upwards, through 
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tlie mud or slake depodt, without rMcbiiig & BoUd bottom, ihowing tlut not only tlw d»r bnt the 
caal-metuares were gone. 

The flrst operation in Ibe oonrtnjction of Uie woi-ka wu to torn a lai^ oolTert, S ft In dianieteT 
roimd the head of the works. Thia serred to keep tlie works olcar of apluid water darinfr theii 
exeoutioD, and will pormaoantly canr off all the land walera. The bai& F G H, Fig. 2484 wag 



then funned, and a mnall portitm of tfie upper end of the alaie wu thna eneloaad. With the mat^ 
rial excavated from this pwtioo of the work, which was partly clay and partly slake, and also with 



Bhcvtlj after the first eonne of masonfy of the fonndatJoDS was laid for the north or 60 ft look. 
Fig. 2486, tfae floor was obeerred to rise S in. very legulsrly, and forming a point A bore-hole 
was pnt down, and on tonohing the stone heftd tluongh 7 ft of hard clay, a strong feeder of water 
cams away. A pipe was put into the hole, and Iho water roae in it 19 ft abore the leTol of the 
fuundatirai, rising aud falling about 9 in. with the tide. Tbe height to which the naler rose wu 
about the level of low water in the river, and it was clear no peimanent injury oould result when 
the works were oompleted. The bore-bole was, therefore, kept open, and similar holes were made in 
other phices, and allowed to remaiD open during the mogteas of the works, being only oloaed op a 
short time before Iha water wu let into the docks. The flooring of tlie lock went back partiallj 
alter the hole had been opened some daya It was then heavily weighted with stone, and nearly 
restored to its original level. The masonry wu bnilt on the floormg originally laid, very few 
stones being taken oat ; and it has einoe shown no sign of soltltment. 

It was proposed to build a qnay wall from F to 0, Fig. 2484, opposite to the alkali mannfhctory. 
There being no clay at this psrt it wu intended to have built the wall on s strong foaadalioD of 
piles, driven down to the stone bead. But in forming the excavation to put in this fonndation of 
piling, it was found that the akke would not bear the weight of the bank behind it nnleM at a 
slope of 1 to 5. As so flat a slopo was InadmiBsible, the plMi adopted for overcoming tlie dlffloulty 
was by weighting the top with gravel, easily obtained trom the old ballast hills at South Shields. 
The toe of the slope was thus tbrced oat and it was not an nnnsi^ thing to see the whole of the 
rails and wagons on the top gradually sink 10 or 12 il. in a qnarter of an hour ; the toe of the 
stope at the same time rising and turning over rails and wagons m all directions. It wm not until 
190,000 tons of gravel had been deposited tliat the whole oamo to a state of teat The slope Is at 
present 11 to I. It is pitriiod with stono, and rests at tho bottom on a strong row of piles. It can 
now be easily reudend avoilabto for quay purpowe by Iho aid of timber wheu reqniiM. 



Longitadiml Section through ee 




ElentioD ud CRi»«ctioa of Rltcc Doa Timber Wall, I K. 

The extent to which the dook i* w&lled is ahawn on ths plan, -i 

Tig. 24)i4. The roDndBtiaiu of these walls rest in oil auei on claj. J 

The other iidet or bomidarlea of the dock lire of mud or gl&ke with a j 

ilope of 1 in 9. puiikllj pitehed with itooe. The mud or slake forms ^ 

H good pnidle, «nd OMk be woiled Terr readily in dry weather, » 

Fortonatal; the weather was remarkably flue daring nearly the whole <I 

time of the execution of the works ; had it been otherwise, the com- j 

pletion of the works would have been muob delajied, and the oon- 8 

traotor would have been put to additional coat, as a few daj^ oontinu !x 

ance of wet weather sufficed to stop the work of eicavatioii. "^ 

Beveraj of the timber jctticA for tbe shipment of coals are foonded i £ 

on tbis mod or slake. Eiperimeots as to the bearing capacity of the <( S 

■lake were made by patting on the sorface a bed of concrete 10 fL g 

square, and ^aduaily loading it with iron. Tbe result was, that witli S 

a load of 7 cwt. to tbe superficial foot no settlement took place ; but aa $ 

soon as that weight was eioeeded the whole began to unk. The foim- -a 

dations of tbe jet^ei were, therefore, laid on a widespread base of — 

concrete with tunber lillB, Date being token not to exoeed a pressure of 
& owt. to tbe CDperSoial foot. 

The poaitirai in wMoh the entnnoe to the tidal besln la plaoed 
with reference to tbe oonrse of tbe river, deeerree attention. The 
riTei wall, which Is oonstmoted of creoaoted Umber, forms a ouxre ij 
2135 ft. radio*. Plans, sectiona. and eleyations of this wall are giTen 
in Fin. 24M to 2498. Immediatelv below the entrance there was a 
bed of hard olav irmnluK out into the river. Tbis has been entiieljr 
removed by dreaging, and the flood and ebb tide now take their ooorae 
as nearly as poasibla over the same channel, guided by the conoave 
river wall, thns always ensuring a full depth of water opposite the 
entrance. In the oass of the Northamberlaad Docks, which are on the 
opposite otmvei shore of the river, constant dredging ia requisite to 
maintain the neoeessrv depth of water at tbe entn^ice. 

The dook gate^ Figa. 2499 to 2.^09, may be noticed very briefly, aa 
they are built on the model generally of thoee of the Viotoru (London) 
Docks, whioh have been already deeoribed. The only point of diflTcrence 
la that the Tyne Dock gatw an curved at the bottom, both on plan and 
In Motion, the pivot for the heel-poat being raised 8 ft. 6 in. above the 
level of the siU, Fig. 2500. This mode of oonstracting the lock has its 
advantages, as by [daoing the pivot so high, there is leas daossr of 
imything lodging behind the hsel-post. The oonstruction of the invert 
of the look is likewise very strong, as it is carried directly through 
from the end of the pointing sills. It has also its disadvantages, as it 
involves tbe necessity for same large and rather intricate masonry : but 
in this case there was every foeilitv for eieenting any description of 
stooework. Some little trouble abo aiisaa in flHing accnrately the 
donblj-cnrved wood aills to the doubly-curved masonry ; but this wss 
sDcoessfully aooomplisbed, and the ailla are perfeatly tight. Tlie alter- 
ation suggested by Kingabury, in tlie mode of flxiug the beol and 
mitre poets^ is an improvement: as some little difHculty was eipe- 
rienoed in making the gates water-tight at theso points to ciiaure 
flotation. As soon ss the galea were suffloiently advanced, they were 



their flotatioi], tiie weiglit ou tlm rollera mnj be Bdjnsted tt pleasure. IiutMloea are not wtlDtliig 
io gates wiUi t, loige proparlion of cast iron in them, where the nilleri had to be renewed trithio 
a few yeaiB, owiog to ihe great weight on the rollers, and the oonseqnent rapid deatnictiDn of 



Cro«s-«ction A B 



CroaMection E F. 



CioH-sfction H. 



The dock gatei and elaioeB are arranged to be worked either by liasd or by hTdianlio power. 
Where hTdranlie power ia need for doclc gatee or for slnioea, it in eeaential to haTO the power ol 
working o; hand when required ; and cirvamstancca hare alrcadj uiMn ahowing the neaeaaitT for 
tho oooamonal lue of hand-power. 

As Q large quantity of muiiatic acid wai coustaDtly dieobarged fhnn tho alknli-workt dnriog 



the ocmHtraatioQ of the docks, ths tiiM water wee allowed to flow in a caiiftl u far ap the face of 
the alkali-workt at the point where the acid was diacharsed. In order to provide for the perma- 
nent diecharge of this acid, a large tank capable of holding 10,000 gallons of water, fonned of 
oreoaoted timber, tuM been oonstrnoted at the and of the discbarge pipes from the works. From 

34M. 

*^' "*•• River Don Tioibo- Wall. 



this tank, flieolay pipea boiled In creosote 
are laid to the edge of the qua; of the 
dock basiii, and from thence to Uie point —, 

of discharge, 2 ft. below the level of low 
water in the bed of the river, square 
boxee of careCulIy-creoBoted limber are 
laid. Han; experiments were made • J 
doling the progress of the works to as- ."^ 
certain what would best resist the de- ' 
structive actioo of the mnrlatio add, and 
nothing was found to be more Buoceeafnl 
than the plan adopted. The add being 
□owdiachargedoatheebb tide, Is carried 
Bwa; in so diluted a state as not to pro- 
duce an; injurious effeeta. 

A branca line of railway Is laid down 



ties for on; description of trafflo. 

The primar; object of the ooBstrno- 
tion of the Tyne Docks wm to provide 
accommodation for the shipiDent of the 
large quantity of coals brought to South Shields from the coal-Belds of Dnibam and Notthumber- 




Cn>d#4ecttoi 



Elevation of River WoIL 



thisaiiionnt,l,20S,921 tons, or nearly 29 per cent., were ehioped b; the North-Rastem Bsllway Com- 
pany at South Shields. The total quantity of coala abippM at nil the north-eeBtem ports in the yeat 
1858, between the Blyth and the Toes, was 9,699.600 tons : of this amount, 3,005,785 tons, or rather 
more than SO per cent., were shipped at Shields, Bunderlnod. and Hortl^iool, b; the North-Eastern 
Bailway Company. lie facilities for shipping at South Shietila at the command of tlie North- 
Kasteru Bailway Company, trave for sDme tunc been so limited, (hat it has been neo Moar y to work 
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nightand day throaghont the whole ;e«r; and eren then the TGqQirementa of the trada could not 
ba natiaBod. 

Ai tho method of ahippingcoala haa undergone many changca during the last forty -seven yean, 
it may not bo unintereating to give n brief account of the varioua modifioationa which have been 

For mauy jeara on the Wear, and in thooe cbbcb nn the Tyne in which tho veasek coold not be 
loaded direct imm the colliery railway, the coals were brought down to the edgo of the ri*er in 
wagoDt, and there put into keels, wbich were broed, flat-bottomed barges, each «vint«initi£ $, keel 
of coals, 01 8 Newcastle chaldrons, or 21 bms 4 owt 



On the ri»er Tyne Ihere wore manv oollieriei haviDp eommnnicalioB by railways to BhipptUK 
plaoea where vesseli oonld IomI, m in the case of the Walls-End Colliery. The mode of shipment 
was by spouts, io their goneml principles similar to those adopted at the IVne Docks : but without, 
for a long time, any arrangement foe metting the differenoe in the level of the tide and in the size of 
(ho VMoel. When heels were used, (he coals were brought down in tbem to where the vessel lay 
In the ri»or ; and they were then cast into the veesel. through the port-hole, by the keelmen. Thia 
syaHim ttiU exists, to a liniitod exttnt on both rirerB, m the ease of those ooUierice not having the 



n fall operation, before tbe 






n cool-diop tr 



The first mnovatioD on the spout syBtem took place ii 
erected at Pelaw Main Bpout, on the river Tyne, bj Benji 
by bim in 1813. Tbe principle of this mode of abipping ooaU had been proTionalj patented by 
William Chapman, of Neircaatle. The drops, as erectM by him in 1S13, have been generally 
folloved, with various modifications. Tlie principle of all these dicpa- is, that the loaded wagon 
in its descent raises a oonnterbolanco ireif>rit. and when the ooala are let nnl of the wagon, the 
counterbalance weight brings the wagon book to ils previous position, tbe whole being under the 
control of powerful brakes. 

IHX. itn. 




The tubs were then oonveyed in the keels fo Sanderland, and transferred by the machinen to the 
venel. This system of machinery was invented and onutmated bv Burlinaon, of Sunderland, in 
the year 1817, who also, in 1825, erected the mftcblnery which is still at work at Sunderland. 
William Chapman alM infented a floating ba^e, whiob was fitted with » ateMn-engiu« and 
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machinery, by which the tnbs were transferred from the keel to the ship. This was used for some 
time, but it was found to be very unwieldy, and was therefore superseaed by the fixed machinery 
on land. 

In determining the system to be adopted in the Tyne Docks, the question lay between drops, 
by which the wagon would be lowered directly on to the deck of the vessel, and a system of spouts, 
with more perfect appliances for preventing the breakage of the coals. After mature deliberation, 
watching carefully the best-constructed spouts, and considering not only what existed but what 
might be done, it was decided to adopt the system of shipping bv spouts. 

The variation in the level of the deck of a large American ship when light, and at high water 
of a spring tide, and in the level of the deck of a small vessel loaded at a neap tide, is 20 ft., and it 
was necessary to provide for this difference. See Keels Ain> Coal Shifpino. 

Figs. 2510 to 2513 illustrate *(?. B. Bermie'a Iron Floating Dock, constructed for the port of Fcrrol 
on the Atlantic. Such do<^ serve the same purpose as the ordinary graving docks. 

The total length of this dock. Fig. 2510, is 350 ft ; the breadth of the base 105 ; the height 
from the floor to the deck of the side walls 37 ft. 6 in. Thus, allowing 5 ft. for the keel-blocks, 
and 2 ft. 6 in. between the top and the highest water-level, there remains 30 ft. depth of water for 
the admission of ships. The total displacement of water by fche base is 13,000 tons, the weight of 
the whole dock about 5000, thus leaving a surplus of 8000 tons for lift. The dock is constructed 
in the following manner; — ^The section shown in Fig. 2510 is that of the whole length of a dock, 
and is composed of plate, angle, and T iron, riveted together so as to form one structiu'e. The base or 
pontoon of the above is 12 ft. 6 in. deep, divided into two compartments by a water-tight bulk-head 
running the whole length of the dock. Each of these is subdivided into smaller compartments by 
ten transverse bulk-heads, forming eleven water-tight chambers on each side, Figs. 2511, 2512. 
The side walls are also divided by a similar number of transverse bulk-heads. The upper part of the 
side walls is composed of air-tight chambers of a capacity rather exceeding a volume of water whose 
weight is equivalent to that of the dock. These serve the purpose of preventing the dock sinking 
below a certain level. The base is again divided and strengthened by open lattice girders of an X 
form, of a length equal to the breadth, and depth equal to the depth of the base or pontoon. They 
are about 5 ft. apart. On commencing the work, two of these girders were tested with a weight of 
200 tons without any perceptible deflection. The base is further strengthened longitudinally by a 
system of diagonal bracing. There are thus, including the outside plating, nine elements of strength 
in a longitudinal direction in order to distribute any inequality of weight that may occur through 
irregularity in the keel or weight of the ship. The floor of the doc^ Fig. 2513, is covered with 
3-in. teak planking, upon which, supported oy every third girder, is a solid teak be^un of 2 ft. 
square running from side to side. Tnese beams support the keel-blocks and movable bilge block- 
ing-pieces, with rack and pawl. On the middle of the intermediate girders the ordinary keel- 
blocks are fixed. 

The Arranaement for Sinking^ Filling^ and Pumping out, — On either side of the dock, near the 
centre at the oottouL are two large sluices. These admit the water into a small reservoir or dis- 
tributing chamber, irom which wronght-iron pipes 1 ft. 6 in. diameter lead, one to each compart- 
ment. These pipes have sluices or cocks fitted to them, which are worked by hand from the top 
of the dock, so as to be always available and capable ox regulation by the man in charge. The 
depth of water in each compeirtment is determined by an or&iary gauge. Four pumps are placed 
on each side, having 2 ft. 9 in. stroke, and 26 in. in diameter, and worked by a pair of high-pressure 
steam-engines, with cylinders of 18 in. diameter and 2 ft. stroke of piston. The pumps are reduced 
in speed in the proportion of 2 : 1 by means of gearing. Four powerful capstans and mooring 
bollards are fixed at each end of the'dock for moving or mooring it ad libitum. 

The dock is worked as follows ; — Suppose it empty, and the fioor well above the level of the 
water, the sluices at the side are gradually opened, and water allowed to fiow into the different 
compartments. The dock wUl then commence sinking, care being taken bv watching the gauges 
so to regulate the supply of water that it may sink uniformly and gradually. When the dock is 
sufficiently deep to tate in the required vessel the sluices are doseid, the vessel hauled over the 
keel-blocks, ana the breast and other shores applied, while the engines are set to work to pump the 
water out. Thus for every ton of water pumped out 1 ton of dock and ship is lifted. This opera- 
tion is continued until the floor of the dock is well out of the water, as shown in Fig. 2511. Paint- 
ing, examination, or repairs, can then be performed with facility. The manifest advantages of this 
arrangement are ; — First, the adaptation of breast shores, which those accustomed to docking large 
vessels well know the importance of, for steadying ships when they begin to rest on the keel-blocks. 
Secondly, the longitudinal stiffness obtained by the side walls, so that any undue pressure arising 
from irregularity in the keel of the vessel is thereby counteracted, the height of keel-blocks being 
regulated as usual by wedging up. Thirdly, the facility of moving the dock should it be required. 
Fourthly, the simplicity of the action of the dock, and its non-liability of getting out of order. 
Fifthly, entire independence of the rise and fall of the tide, and thus readiness for docking or un- 
docking at any moment. Suppose, for instance, either from action in battle, or derangement of the 
sea-cocks, or of a hawser round the screw, ships run into Spithead, Portland, or Plymouth, to be 
docked, and have to wait for the tides as usual, serious inconvenience might result : whereas if a 
floating dock were fixed at any of the above-named or other ports, they would run in. and not be 
required to discharge stores or cargo, and in two or three hours be in a position for examination ; 
and from the now universal introduction of steam for ships, these slight derangements, which can 
be often remedied in an hour or so, not unfrequently occur. Should, however, it be found that a 
repair of some weeks or so would be required for the vessel, the dock being thus in use would not 
be available as above described. To remedy this, Rennie contrived a fioating basin and a railway 
for Carthagena. It is designed for the especial purpose of hauling the dock with the vessel upon 
it into the basin, and conveying the vessel from the dock on to a horizontal slip or way, and thus 
leaving the dock available for other vessels. 
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An iron floating dock for Bermuda has been recently oonstnicted by Campbell, Johnstone, and 
Co., of North Woolwich. This dock is capable of docking ships of the Bellerophon class when 
waterlogged ; it is fitted with a caisson at each end, and has a doable bottom and sides 20 ft. apart. 
The principal dimensianB are as follows ; — 

TeeL 

Length over aU. 881 

Length between caissons 830 

Breadth over all 124 

Breadth inside of dock 84 

Depth oyer all 72 

It is divided longitudinally into eight water-tight oompartments on each side of the keel, and 
each of these is again divided into three smaller compartments, not water-tight. Transversely it 
is divided into three oompartments on each side of the keel, called, respectively, the load-chamber, 
balance-chamber, and air-chamber ; these chambers being water-tight and distinct from each other. 
Fig. 2514. 

The dock, when not in use, has its chambers empty, with the exception of the air-chambers, in 
which a quantity of water is always kept for supplying the pumps to fill the load-chambers when 
required. 

The process of docking a vessel may be described thus ; — The load-chambers are first filled by 
pumping engines fitted on the top of the dock, and having suction-pipes leading into the air- 

2515. 




2518. 



chambers. After this has been done, the valves fitted 
at the lower part of the balance-chamber and com- 
municating with the sea are opened, and the chambers 
filled, this operation sinking the dock to such a depth 
that, by opening valves fitted through the caissons, 
water can oe run into the dock in order to bring the 
contained water to the same level as the water on 
the outside, when the caissons can be taken out, and 
there will be a depth of 27 ft. of water on the blocks, 
Fig. 2514. 

The ship having been brought over the blocks, the 
water in the load-chambers is allowed to run out, and 
the balance-chambers partly emptied, if required, Fig. ^f^g^^x^jmr^, 
2515 : the ship is now breast-shored, and the caissoLs ''^~ -^"" " 

Sut in place, after which the water remaining in the 
ock is run into the air-chambers, as shown at Fig. 25 IG, 
by means of valves fitted in the bottom of the dock, in 
which state the dock remains until the vessel is ready 
for undocking. Should the vessel not be exactly in 




2517. 




ar^-' 



the centre of the blocks, the dock is brought perpendicular by letting a portion of the water out 
of the balance-chamber on one side or the other, as the case may require. 



To nndook the Tetsd, 
- Tatar is mn into thedook 
through the Talves iu the 
cuBBona,Bndtheb<ilikiicc- 
ohamberB Sited up, this 
bringing the dock into 
the position shown in 
Fig. 2517, with the ship 
afloat; the caisiioiu are 
then taken out, when the 
Tesael maf be undooked. 
To bring the dock agniD 
read; fur uM the water 
in the air-chanibet« i» 
ptuaped into the lo«d- 
ahambecs and run into 
the MA, in order to allow 
the dock to be emptied 
into tha air-chamber. 
Fig. 2518 shows the dock 
heeled over, ia order to 
oleoT or repair the bot- 

In docking email ves- 
•els the dock ha* suffl- 
oient baoyanoy to lift 
them quite out of the 
water, when the oainone 
would not be required. 
The inventor also pro- 
poses to make pontoons 
capable of carrying light 
TBssels to flt the inside 
of the dock ; these pon- 
toons he sinks iu the 
dook, and after bringing 
the vessel over it, the 
dook is raised and tlia 
water let out of the poa- 
toon, when the dock is 
again sunk, leaving the 
poutoon afloat with the 
vessel on it ; by these 
means a number of sbipe, 
corresponding to that of 
the pontoons provided, 
might be repaired at the 
same time. 

Kdrnin Claret Hgdnni- 
lic-lift Voci, Figs. 2519 
to 252a — Oork, under 
the directioa of Bobert 
Sto|iheusau, designed the 
machinery, and superin- 
tended tlie raising rf tlie 
tubes of the BriUnnin 
»nd CuDway tubninr 
bridgea; and it requireil 
but trifling; ingenuity to 
araily the prooees em- 
ployed to raise tlinso 
tiilxis to the lifting and 
docking of vessels. 

The site selected for 
one of those hydniulic- 
tift docks was a plot of 
26 acres of hivel Innd, 
lybg between the Vic 
toria Docks and the 
Tliomes, and below tha 
level of high water. This 
site admitted of a direct 
entrance from the docks, 
with a permanent water- 
level, without the ooet 
and delay of a special 
antranoe from the river. 
The soil is a deep bed of 
bog and alluvial mad, on 
a substratum of ji^vel. 
The only excavation ne- 
oessan «■• the lift pit, 
and Its deep entrouoe to 
the dock, wbeMaooffcr- 
dam was employed. 
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The deDth of water in the lift ifl 27 ft. : over the remaining ^ter space it ifl only ^ 
the^i^uSi Cht of the pontoons. In this -hallow-water sptMje there ^^^f^^J^^ 
bertCwparated by jetties for workshops and aooess; each berth being 60 ft. wide, and from 
300 SftTlooTlong, and surrounded by^riok retaining walls. The bottom was covered with a 
level layer of peat clay, to 
prevent leakage to the gravel ''i^ 
beneath. A sluice through 
the surrounding bank ren- 
ders it easy, at low water, 
to empty tiie whole of the 
space ; but when this is done, 
a dam must necessarily be 
thrown across the upper end 
of the lift, to cut o£f access 
to the Victoria Docks. The 
area of shallow water is 16 
acres, affording suf&cient 
space for floating fifteen or 
twenty pontoons, which, it 
was estimated, was about the 
number that mi^ht be kept 
employed by a smgle lift. 

The docking of a vessel 
consists of two distinct ope- 
rations. First, the diiect 
raising of the weight on the 
lift ; second, the transporta- 
tion of the vessel to any con- 
venient position for its repair 
on the pontoon. 

The lift is a direct me- 
chanical appliance for rais- 
ing ti^e vessel by means of 
hydraulic presses, tt con- 
sists of two rows of cast-iron 
columns, each 5 ft. in diame- 
ter at the base, and 4 ft. in 
diameter above the ground- g 
level, and sunk about 12 ft. ^ 
in the ground. The dear 
space between the two rows 
is 60 ft., and the oolumns 
lure 20 ft. apart from centre 
to centre, and are placed on 
each side of the excavated 
lift pit, in about 27 ft. of 
water. There are sixteen 
oolumns in each row, giving 
a len^h of 310 ft. to the 
lift; but, as vessels may 
overhang at each end, there 
is a practical workiDg length 
of 350 ft. The columns were 
sunk in the usual mannei^ 
three or four being thus fixed 
each week. When the requi- 
site depth was attained, the 
base was filled with concrete, 
and covered with a layer of 
2-inch planks, to act as a 
cushion for the cast-iron seat 
on which the press rests. 
No great accuracy of posi- 
tion is required, as the sus- 
pended load tends to brinff 
all the oolumns vertical, and 
if any column should, during 
use, be even sensibly thrust 
deeper into the soil, the ram 
follows its work, independent 

ofthe level of the press. The , , , - xi. 

columns, Pig. 25218, support no weight, but act solely as guides for the cross-heads of the Presses, 
which move in slots reaching from the top of the presses Qust clear of high water) to the top of tiie 
oolumns. The column is covered by a cap. Pig. 2519, and each row is firmly connected together 
at the top by a wrought-iron fimmed platform, running from end to end of the dock on each side. 
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Thii pUform fontu a convenient pemunent Maflbld for ntiaiDg the n 
B oolumn ia 68 ft. 6 in. A Bcsle a printed on Mch oolomn lo leglirtei' thi 
while rising or falling. 

The pr^aea and girden are mftnsged u follows ; — Each oolDmn enolows a hydtanlia pien of 
10 in. diameter, with a length of atroke of 25 ft. ; the top of the preaa ii joit oleat of the highett 
water, and it ia kept in place bj a oollar or diaphragm in the column. The rami are solid, and 
each carries a boiler-plate croas-hefui 7 ft. 6 in. long, thus extending 1 n. 8 in. beyond the eolnmn 
on each aide. From the ends of the oroaa-haftd are anapended, by wroaght-iron bare, two iron 
girdera, each 65 ft. lone, vhioh extend enttrely acrom the lift to the oorreapooding eolnmn and 

Cress on the opposite side. There are thus eixtoen pairs of snspended girders, lying at the bottom 
I lt7 ft. of water, when the presses are towered, but rising above the ai^ace when tlie prcasea are 
raised. Thev fonn a large wmnght-iion platform, or gridimn, which can be raised or lowered at 
pleasure, with a Teasel upon it. The detail of the machinery is identical with that employed 
at the ConWE^ Tnbular Bridge ; and those who saw that bridge raised have only to Imagine thirty- 
two tubes ada by aide instead of two, and they will have a perfeot representation of the lift. The 



main girdera are S ft. 9 in. deep, of wrought inn, tnused with a caat-iion top 
flange. The sectional are* of each ramoelng 100 clreolar inohee, a pressure 
of 2 tonstotbeoironlar inch |;iTea200 tons as the liftinK power of each preM, 
n 6100 tona for the whole lift : but to find the available lifting power, there 
mnst be deducted 620 tons, which is the weight of the nuns, eross-head, chains, 
ftnd gitden, leaving 5780 tons for thepontoon and vesML The presaea were 
teateaat2| tonatottiacironlarinoh. The girdenars designed for carrying the 
vessel aa a load at the oentre, although the load is distributed by the pontoon, 
and the wide base oaed tot the blooka. The water is forced into the presses 
immediately beneath the ocdlars at the top, this being an aoceasible position. 



The nonping of the preaea waa an Important oonsideration. If each press were worked 
---■- Independent of its neighbours, it is evident that precisely the same quantity of water 
thrown into each prcsg to avoid nneqnal strain. Again, if the whole number were sap 



plied from a commou bead, the slighteat excess of weight at any part of the plalfon 
would lower that part, the water passing back through the pipes to the pr«esea where leas preBsare 
existed ; the same dtfBculty would be experienced with two groupe, however arranged. Stability 
is, however, secured by arranging the preasea in three groups. One-half of the whole number, 
ooenpying the npper half of the lift, form one gronp, consisting of sixteen presses. The remaining 
eight presses on one aide form a second group, and the opposite eight form the third gniiip. 

The preaaea in each group are all oonnected, so that perfect nni/orroity of preasure is aeonred in 
each as regards the individual presses, while the three groups are so arranged that their centres of 
action form a tripod support, upon which the pontoon is seated. As any one point of the tripod 
may be raised or lowered without regard to the other two, by the most simple manipnlation, the 
pontoon can be either maintained perfeotly level, or any inolination can be given to it that may be 
desired. 

Anpr pair of praaM* may be instantly ent off in the valve-room by means of a ping, durioR the 
operation of lifting, without interrupting the prooeaa. One or more of the end pairs ia aimoat 
invariably out of nae^ except with veaaels of the largest olsss. No delay, therefore, arises tirtm the 
Ikilnn of a collar or pipe, and even aboold a press burst, the water can only escape slowly through 
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the l-in. pipe which feeds It ; and by opening the eBoape-valyes in the other gronpa, vesseLi, parttally 
raised, descend slowly and steadily into the water. 

The force-pumps are If in in diameter. There 'are twelve pnmpe, worked by direct action by 
a 50-horse-power engine ; six of these pumps are used for the large group, ana three pumps for 
each of the smaller groups. The power when required is increased by cutting off one or more of 
the pumps. The engine-house is, unfortunately, 112 yds. from the lift, the water having to be 
driven all this distance through pipes only } in. in diameter. On account of the distance of the 
engine, a valve-house, for the manipulation of the presses, is erected on the platform alongside 
the lift. During an operation the engine continues to pump, and the valve-man throws the water 
into either group, or to waste, at pleasure. The raising of a vessel occupies about twenty-five 
minutes. The pipes and presses are, to a considerable extent, sheltered from frost by their posi- 
tion, and during the severest cold a few occasional strokes of the engine are found sufficient to 
keep cdl in* motion, and prevent congelation. 

The pontoons are not essential for raising or docking a single vessel, for it is evident that the 
lift, as described, is all that is required for that purpose. The girders might be connected together 
by other longitudinal girders, so as to form a sufficiently rigid platform ; or the whole might be 
formed into a pontoon, which would support a vessel after it was raised. 

The foUowmg is the arrangemeht adopted ; — An open pontoon, proportioned to the size of the 
vessel to be docked, is selected. Keel-blochs and sliding bilge-blocks, adapted to her shape, form 
part of the pontoon, which is placed on the girders, and sunk with them to the bottom of the dock. 
The vessel is brought between the columns, and moored securely over the centre of the pontoon. By 
lifting the girders the keel-blocks are first brought to bear under the keel of the vessel ; the side 
blocks are then hauled in, by chains laid for the purpose on each side the dock, and the gridiron 
and the pontoon, with the vessel upon it, are then all raised by the presses clear of the water. Tho 
pontoon is provided with valves in the bottom, and thus empties itself of water. The valves are 
closed, and the grders again lowered to the bottom, but the pontoon, with the vessel upon it, 
remains afloat. Thus, in about thirty minutes, a vessel drawing 18 ft. of virater is left afloat on a 
shallow pontoon drawing only 4 ft. or 6 ft., and may be taken into the shallow dock prepared for 
its reception. These docks are surrounded by workshops and tools, with shelter for the men close 
up to the bidwarks of the ship. The vessel la, in fact, brought boaily into the centre of a conve- 
nient workshop. It is taken to the smiths', or the carpentera, or the machine shops, according to 
the nature of the repairs required, and is moved easily from one to the other. 

The number of vessels that can be thus docked is limited only by the number of pontoons, each 
pontoon constituting a separate and independent dock. The pontoons, which are iU. about 58 ft. 
wide, vary in length and depth according to the class of vessel intended to be docked, and are rect- 
angular in form, and open decked. Tne sides are vertical, and are strengthened longitudinally 
and transversely by wrought-iron girders, running from side to side, and from end to end, and thus 
forming a series of rectangular divisions. The pontoons are divided into water-tight compartments 
by means of bulk-heads formed of the girders, each compartment being provided with a circular 
valve in the bottom, closed by a screw-shaft. The transverse girders are 8 ft. apart, and support 
the bilge-blocks on their upper flanges. In the largest pontoons these girders form inclined planes, 
declining in height towards the centre, to facilitate the running in of the block-frames. There is a 
strong longitudinal centre ^[irder, with a broad top flange, for supporting the keel-blocks ; on each 
side, the two other longitudinal girders are placed equally distant, and in the line of the side blocks. 



Table L — Dimsnsions of Dbt ob Gbaying Docks. 



Name or Number of Dock. 



No.l, 

"I 
*, 

s, 

6, 

7, 

n 8, 



n 
n 

n 
n 



POBTSHOUTH. 

South harbour dock 
South-east basin dock 
South basin dock . . 
Middle basin dock . . 
liiddle basin dock .. 
Harbour dock .. 



) 



Double docks . . 

South inlet dock 

Dock 

North inlet dock 



Dbvomfobt. 
Ko. 1, Basin dock 



n 
w 
» 



3,/ 

4, 

8. 



Length In 

BioclcBAt 

Bottom of 

Dock. 



fL in. 

228 3 

221 6 

275 2 

279 3 

208 3 

189 8 

644 10 

302 10 
^53 4 
406 



266 

415 e 



Length at 
Top of 
Dock. 



263 4 



a in. 
253 6 
252 10 



287 
286 
227 
220 



1 
3 
2 
1 



644 10 

aS3 5 
283 2 
426 



{ 



299 
437 



209 6 241 2 



275 10 



Width of 
Entrance. 



It in. 



57 
63 
67 
67 
55 



7 
4 
6 
6 
4 



52 11 
80 5 
88 6 
70 
64 11 
70 



65 

73 

56 2 

64 



Depth of 

Water 

on Sill at 

0. W. H. 

'Ting 

ides. 



Tk 



ft in. 
20 3 



24 
25 




6 



21 9 
20 3 

20 
25 6 
27 

22 9 

21 9 
25 9 



27 10 
31 1 



20 
20 



4 
7 



Depth of 
Water at 
0. H. M. 

Neap 
TidesL 



ft in. 

16 3 

20 

21 6 

17 9 
16 3 

16 
21 6 
23 

18 9 

17 9 
21 9 



23 4 
27 7 

15 10 

16 1 



Number of building slips— one of 
Ist class and four of 2nd class. 



Being made' 4 ft. 3 in. deeper. 



In oourse of construction. 



(Two old docks being altered 
one. New one (constructing). 

Number of building slips — one of 
1st class, two of 2nd class, and 
three of 8rd class. 



DOCK. 
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Name or Number of Dock. 



No. 1, South dock 
„ 2, Middle dock .. 
„ S^ Oravingdock .. 



No. 1, Dock 
» 2, „ 

i» ^ » 

n 

n 



« 4, 



Chatham. 
No. 1, Dock 

n ^ i> 



Woolwich and Dbftfobd. 
No. 1, Dock 

n "» n 

n •'I _ »»_ 



Outer dock, Deptford 
Inner dock, Deptford 



No. 1 



Chebboubo. 

No.l, in outer basin .. 
If in new basin .. 
2j w •• 



n 
n 
n 
n 
n 
n 
n 



3, 
*, 

S, 

6, 
7, 



n 
n 
n 
n 
n 



donble^lodks 
Bbht. 



No. 1, small.. 

„ 1, double 
« 2, 



i» 



L*Obient. 



No. 1, double 
n 2, „ 



Toulon. 



No. 1, old .. .. 
„ 2, „ smaller 

„ 1, new .. .. 

n % n •• •« 



Small 

Double 

Large 



BoOHirOBT. 



Haybb. 



Blocks at 

Bottom of 

Dock. 



ft In. 
848 2 
281 9 
274 6 



241 
225 
241 
180 
154 






• * 




7 

7 
4 



203 5 

874 6 

820 5 

232 



250 

241 8 

264 

196 

167 6} 

387 8 



New dock 



Length at 
Top of 
Dock. 



Width of 
Aitnooe. 



Depth of 

Water 

onSUlat 

0. W. H. 

ring 



Sprfa 
'Hdc 



Depth of 

Water at 

O.H.lf. 

Neap 

TUei. 



ft in. 
856 6 
808 
307 



253 4 
251 10 
253 4 
203 10 
196 1 



222 5 

897 9 

847 5 

253 



265 

272 

290 8 

196 

190 4i 



404 



246 
870 
370 
340 
340 
340 
350 
350 














210 

210 

500 

500 



840 
600 



250 
280 
230 
336-69 
396*88 
545*79 



210 
450 
360 



426 



it in. 

80 

80 

80 



57 7 

57 8 
63 5 
50 8 

58 7 



57 
62 2 
62 10 
62 8 



65 
65 
80 
54 
46 10 



75 



58 
60 
60 
60 
60 
60 
65 
65 














56 

56 

60 

60 



58 



58 

58 

58 

62 



* . 
•« 



55 
60 
80 



90 



fL in. 

23 

23 

27 



25 2 
25 2 
25 2 
19 10 
14 8 



16 

28 6 

23 6 

21 





21 
21 
15 8} 
13 8 



24 6 



*• 









a hL 

20 

20 

24 



20 8 
20 8 
20 8 



15 
10 



4 
2 



13 

20 6 

20 6 

18 



17 2 

16 2 

16 2 

9 8i 

7 8 



18 6 









. * 



Being altered and made 136 ft. 6 in. 
longer on keel-blocks, and 109 ft. 
at tops. 



Number of building slips— one of 
2nd class. 



Number ot building slins 
1st class and six of 2na < 



of 



1 Number of building slips—one of 
1st class, seven of 2nd class, an^ 
four of &d class. 
Being made 10 ft. longer on the 
blocks, and 74 at the top 



Number of building slips— four of 
1st class and nine of 2nd dass. 



Number of building sUps— nine dt 
1st class. 



Can be made into four of 250 ft 



Beeently lengthened. 
Constructing. 



Number of building slips— sixteen 
of Istdass. 



Can be mado into one of 210 and 
240.' 
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Ta«le I. — Ddhqtsions of Dbt ob Gbayino DocKB^cmtinued. 



Name or Number of Dock. 



LiVEBPOOL. 

Canada look and graving 
dock 

finskisBon lock and graving 
dock 

Sandon graving docks — 

No. 1, east 

2 

>»•'»»> 

4 

>» "I l» 

» "» >» 

Clarence graving docks — 

No. 1, outer gates .. 

„ 1, inner gates . . 

„ 2, outer gates .. 

,, 2, inner gates .. 

Canning graving docks- 
No. 1 .. 

2 



n 



Brunswick graving docks — 

No. 1 .. 

2 



n 



Queen's graving docks- 
No. 1 



n 






BiBKENHSAD. 

No. 1, new dockl oon- 
, 2, „ / structing \ 
, 1, dock ) ( 

, 2, „ ( belonging to I 
, 3, „ [Laird Brothers) 



4, 






South AMPTOK. 



Western dock 
Middle dock 
Eastern dock 





Length in 

Bloclu at 

Bottom of 

Dock. 


ft. in. 


501 


896 


OOOOOO 


405 
21)1 
414 
288 


441 

488 


399 
399 


438 
435 


750 
750 
300 
180 
400 
440 


343 
232 
425 



Length at 
Top of 
Dock. 



Width of 
Eatraoce 



ft in. ft. in. 
100 

80 



346 
233 
538 



60 
70 
60 
70 
45 
45 












45 

45 

45 

32 10 

35 9 

35 9 

42 

43 

42 

70 1 



85 

50 

40 

45 

65 

85 



66 
51 
80 



Depth of 

Water 

on Sill at 

0. W. H. 



ft in. 
26 

24 9 



21 9 

21 9 

21 9 

21 9 

21 9 

21 9 

21 3 

18 9 

21 3 

18 9 

19 11} 
18 8} 

20 9 
20 9 



19 Hi 
21 9 



25 9 

25 9 

16 6 

16 6 

24 3 

20 6 



20 
15 6 
20 



Depth of 
Water at 
0. H M. 

Neap 
Tides. 



a in. 
19 

17 9 



41 9 

41 6 

14 9 

14 9 

14 9 

14 9 

14 3 

11 9 

14 3 

11 9 

12 11§ 
11 3| 

13 9 
13 9 



12 Hi 
14 9 



16 
11 6 
21 



I tfi nit TWr 



The total area and quay spaee of 
the Liverpool and Birkenhead 
Dock is as follows : — 



Name of Dock. 



Liverpool 
Birkenhead . . 

Total.. .. 



Water Ann. 



acres, yds. 
251 2664 
121 2B69 



Quay Space. 



miles, yds. 

18 763 

6 786 



372 ftft33 



23 1649 



The eastern dock, made in 1854^ 
is of brickwork, with Portland 
copings, and is stated to have 
cost 53,000/. 



Table II.— Pringipal Dimensions of other Dbt Docks of 300 Feet in Length, and upwards. 1862. 



Name of Port 



Leith.. .. 
Sunderland 



n. 



West Hartlepool 



n 



Great Grimsby 
Thames . . 



»» 
n 
w 



Name of Dock. 



On the East Sands 

Laing*8 

Comnussioners 

No. 1 

No. 2 

No. 1 

Northfleet .. . 
New Crane 
Union (upper) 
Regent, No. 12 
Green and Co. 



Length over 
alL 



feet 

400 

300 

315 

375 

355 

400 

400 

463- 

331 

338 

342 



6 
6 



Breadth of 
Entrance. 



feet 

71 

48 

45 

60 

50 

70 

74 

43- 

89- 

42- 

62 



9 
8 
2 



Depth of 
Water over 

SUlat 
O.H.W. 



feet. 

23 

14 

16- 

10 

17 

19- 

19- 

14- 

15 

16 

18 



8 



6 
6 
6 
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Table II. — Principal Dimbnsions of othkr Dbt Docks, &c.— <x)n<tntiecf. 



Name of Fort 



Name of Dock; 



Thames 

Portsmoath 

Isle of Wight 

Plymouth 

Falmouth 

Appledore 

Bristol 

>» 

Caidtflf !! .*.* '.'. !! 

Swansea 

Holyhead 

Greenock 

»i 

DumlMirtcm 

Glasgow 

Dublin .. .• .. .. 

Londonderry 

Cork .. 

Trieste .'.' .. .. .. 

Bombay 

n •• •• •• •• 

Singapore 

_ >» _, 

Canton River 

Amoy 

Australia 

Rio Janeiro 



General Steam 

Camber Dock 

Cowes 

MiU Bay 

No. 1 

No. 2 

Great Western 

Albion 

Green 

East Bute 

No. 3 

Steer '.'. '.! !! !! ','. 

Scott 

Corporation 

Tod and McGregor 

No. 1 

West Passage 

Wheeler's 

Austrian Lloyd's 

Old Dock 

Dunoon Dock 

New Harbour 

T. cbouper !! 

Cockatoo Island 

Morts, in Waterview Bay .. 
Oobraslsland 



liBDgthover 
aU. 



feet 
328 
345 
330 
367 
360 
400 
326 
300 
380 
323 
435 
300 
307 
361 
300 
360 
300 
500 
400 
321 
890 
420 
300 
613 
600 
390 
450 
550 
300 
306 
345 
301 



Breadth of 
Entxance. 



Depth of 
Water over 

SiUat 
O.H.W. 



feet 

40 

50 

36 

80 

54 

90 

43- 

45 

38- 

56 

48 

36 

62 

47' 

45 

38 

41 

56 

70 

50 

86 

59 

• • 

.51' 
63 
43 
62 

72 

• • 

58 
75 
70 



9 

8 



fbet 

14 

17-3 

16-6 

27-6 

14 

20 

15 

13 

13*6 

15 

18 

16 

17 

16 

15 

13 

13 

18 

18 

18 

24 

20 

25 

16 

16 

15 

18 

17 

26-6 

19 

28 



Table IIL — Floatino Basikb in English GoYEBiniENr Dooktabds. 1862. 









Lineal 
















feet of 






Depth of Water OD 

SiU at Ordiiuay 
High-water Bpriut 

TidML 


Depth of Water 00 


Name of 
Dockyard. 


No. of BmIds. 


Water Area 
ofBaaiiu. 


Space 
bleach 


Bemaifca. 


Width. 


Sill at Ordinary 

High-water Neap 

Tidfle. 








Baste. 














A. B. p. 




^ 


ft 


ft. in. 


ft. in. 


Deptford .. 


1 


1 1 8 


770 




50 


20 


14 5 


Woolwich 


Outer basin 


3 83 


1250 


d 


65 


22 10 


18 


9) 


Inner basin 


2 2 16 


1250 


i 


65 


21 


16 2 


Chatham . . 


Nil. 


• • • • 


■ . 


M 


. . 


• • • • 


. . . . 


Sheemess 


Great basin 


3 2 9 


1400 


3 


66 


27 


22 6 


•• 


Small basin 


1 23 


850 


^ 


50 


20 6 


16 


9) 


Boat basin 


1 1 7 


551 




100 


26 


21 


Portsmouth 


South basin 


2 1 30 


950 


When Docks Noe. 7 


67 


24 6 


20 


n 


Steam basin 


7 


2190 


and 10 are unoccu- 
pied they may be 
used as a lock 664 ft. 
lonp,with27ft.H.W. 


80 


25 


21 


Devonport 


1 


12 6 


800 


spring tides. 
No lode. 


74 


80 6 
Outer entrance 


26 8 
Outer entrance 


Keyham .. 


South basin 


7 32 


2150 


Entrance lock 252 ft. 
8 in. between caissons. 


80 1 


36 

Inner entrance 

34 


21 6 

Inner entrance 

29 6 


Pembroke 


North basin 


5 


1350 




80 


25 


20 6 


Nil. 


• . ■ . 


• . 




• • 
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Among the standard works relating to tlris subject wo may mention tbe followin«f ;— Belidor, 
* Architecture Uydraulique,' 4 vols., 4to, Paris, 17.^7-58. De Cesaart, * Description des Travaux 
ITydrauliques,' 4 vols., 4to, 1806-8. Elmes, J., * Docks and Port of London and Liverpool/ folio, 
U9S, * Lifo of T. Telford,' 4to, with folio AtUs of Plates, 1838. Sganzin, ' Couis de Construction/ 
8 vols., 4to, and Atlas in folio, Paris, 1839-41. Minard, 'Cours de Construction des Ouvrages 
llvdrauliques des Ports de Mer,* 2 vols., 4to, Paris, 1841. Webster, T., *The Port and Docks of 
Birkenhead,' 8vo, 1848. C. B. Stuart, 'The Naval Dry Docks of tbe United States,' 4to, New 
York, 1852. Sir J. Rennie, ' Theory, Formation, and Construction of British and Foreign Har- 
lK)ur:t,' 2 vols., folio, 1854. Oaasend et Labour, * Travaux Hydrauliques Maritimes,' folio, Marseille, 
1S61. Vuigner^ ' Entrepots do la Yillette,' 4to, with Plates in folio. Paris, 1861. Koffiaen, ' Con- 
structions Hydrauliques,' 3 vols., 8vo, Bruxelles, 18G1-63. Humber's * Record of Modem Engioeer- 
in^ ' for 1864 and 1866. See also numerous papers on Docks in the * Minutes of the Institution of 
Civil Engineers,' * Annales des Ponts et Chaussees,' ' Annales du G^ie Civil/ and ' Engineering/ 

See Anchob. Bond. Brickwork. CoNSTKUcrioy. Dah. Eubankuknts. Keels and 
Coal Shippino. Lifts, Hoists, and Elevators. Lock Gates. Water-works. 

DOG. Fr., Clameau; Ger., K lammerltaken i ITAL., Oraffioj Grappa; Span., Orapa. 

A dog is a grappling iron, with a claw or daws, held by a chain or ropes, for fastening into 
woob or other heavy articles for the purpose of raising or moving them; or an iron With fangs for 
fastening a log in a saw-pit, or on the carriage of a saw-mill. AdogiatL piece in machinery acting 
as a catch or clutch ; especially the carrier of a lathe. An adjustable stop to change the motion of 
a machine tool is also calleci a dog. 

DOLLY OR DOLLY-TUB. Fr., Cuve a Hncer; Ger., ScMSmmfass; Ital., Troguoh; Span., 
Cubo de lavar, 

A dolly is a contrivance, turning on a vertical axis by a handle or winch, for facilitating the 
washing of ore ; a stirrer. 

DOME. Fr., D6mc; Ger., Dcm; Ital., Cupola; Span., (Mpula, 

Tn architecture, dome is a roof, or stracture raised above the roof of an edifice, usually hemi- 
sphericcd in form, but sometimes the segment of a spheroid, ellipse, polygon, or other similar 
figure; i cupola. 

The word is usually applied to any erection resembling the dome or cupola of a building, as the 
upper part of a furnace, and the like. A steam-dome. See Boiler. Furnaces. Locomotives. 

DONKEY-ENGINE. Fr., Machine h vapeur auxaiairtt; Gee., Kleine Hulfsdampfnuuohine ; 
Ital., Macchina di alimentazione ; Span., Mdquina auxUiar, 

See Engine, Varieties of, 

DO YET AIL. Fr., Quetu iTanmde ; tenon a queue ; Ger., Sthvaalhenscnwanz, 

The manner of fastening boards or timber together b^ letting one piece, in the form of a dove*s 
tail spr^, nr wedge reversed, into a correspouding cavity in another, so that it cannot be drawn 
out. Dovetail Machine, see. Wood WoBKnra Machines. 

DOWEL-PIN. Fr., Goujon ; Ger., Didbel oder Vbbel ; Ital., Pemo; Span., Pasador, 

A dowel-pin may be of wood or metal, and is used for joining two pieces, as of wood, 
stones, or other material, by inserting part of its length into one piece, the rest of it entering a 
corresponding bole in tho other, as in the heads of a cask. A dowel-joint is a joint Hiade by means 
of a dowel. 

DU AG-BAR OR DRAW-BAB. Fr., Barre d'attelages; Ger., Die hupplestange ; Ital., Sbarra 
d*aitacco ; SPAN., Var'i motriza, 

A bar or link for attaching carriages together, or the moving power, as on railways ; a coupling; 
called a 'Ir^uiMnk and draw-link, A strong iron bolt or pin passing through the end of a drc^-bar, 
and 'ierviug to fasten the coupling of a locomotive and tender or that of two carriages on a railway, 
is termed % dra^bolt. See Buffer. Railway Enoineerino. 

DRAINAGE. Fr., Drainage ; Ger., Entwasserung ; Ital., Fognatura ; Span., DesagHe, 

Drainage is the mode in which the waters of a country pass off by its streams and rivers. The 
system of drains and their operation, by which water is removed from towns, railway beds, and 
other works. See Irriuation. Irrigation and Drainagb. Pipes and Culverts. Pumps and 
Pumping Engines. Traps, Drainage and Stench, 

Drainage of Mines. — The draining of a mine is one of the most important subjects in practical 
raining operations. The waters which come down tho walls in drops gather into little streams, and 
these, united, form in extensive mines a considerable body. The quantity of water which may be 
furnished by a mine is not easily estimated beforehand. We can form some opinion as to the 
probable amount by reference to the kind of rock which we penetrate, and the capacity of the 
'tountryfor springs and wells; still this is no certain criterion, for the ground and rocks maybe dry 
at the surface, and yet contain much water beneath. Tbe rock may be covered by a layer of water* 
proof clay, which causes the surface to l)e wet and swampy; still, below it may oe free from 
water, and a mine in such places perfectly dry. The elevation of a mine has an important influ- 
orx'o upon the quantity of water which it may contain ; most rock is accessible to water, which 
filtrates through its crevices, and gathers below. It will accumulate where the filtration is checked, 
and tho rooks become saturated. Some rocks are remarkably dry, others contain much water. 
Volcanic rocks and limestone do not furnish much water to a mine; granite, also, is drv. The 
American copper mines at Lake Superior, which are chiefly in trap rock, are remarkably dry. 
Stratified rock, of either transition or secondary formation, is dry at the surface when the strata is 
inclined, but there is abundance of water in its lower portions. *A deep mine in the gold region of 
tiio Southern States in always found to be very wet. Are the strata of rock horizontal, or nearly 
B(\ the quantity of water is greater in the higher parts of the hills than below. The coal region of 
tho west of America furnishes sufficient evidence for this assertion. In all instances the quantity 
of water in a mine increases with its surface, that is, with the extent of its workings, apart from 
fiuy other circumstance to influence it. When crevices arc opened in tho progress of work which 
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communicate ivith reservoin of water in the interior of tiA rock, or poola at tbe b-urface, springs are 
formed wtiicli frequently add considerably to the waters of the mine. When a mine penetrates 
through a water-pioof bed of May, gypsum, or a layer of limestone, the water is in most eases more 
abundant below than above such stratum. In most of the mines in operation, where a circulatioB 
of air is freely odmitted, the quantity of water is generally greater in summer, spring, and fail tiisn 
in winter. When the interior of a mine is warmer than the atmosphere it will furnish moisture to 
the latter in its circulation through the mine; and when it is colder it will condense watery 
vapours of tbe air, which enter and increase the water. Jn all oases attention must be given to 
the manner in which the water penetrates, that its direct effect on the workmen may be avoided. 
It not only annoys them, but delays the work, and causes the mineral unnecessarily to be more 
expensive, by interfering with the comfort of those engaged in its extraction. 

By Levels. — ^In forming a water-drain in the pavement of a drift or a gallery, it is necessary to 
pay some attention to its form. The walls of the drain also should be smooth ; not that rough 
walls cause much friction, and diminish the velocity of the water, but because all the water issuing 
from the workrooms carries along some impurities — particles of rock, minerals, clay, and so on. 
This heavy matter will settle in rough, contracted, or crooked channels, more than in smooth and 
straight ones ; this sediment causes pools of water, which soon overflow thejpavement, rendering 
the mine wet, disagreeable, and injurious to the health of the workmen. These defects mav be 
avoided in some measure by giving* more fall to the drain, but it will not remove the evils resultincr 
from an imperfect form of the channel. When it is possible, the water channel should be located 
on one side of the gallerv or drift, rather than in tne middle of the floor. When the drain is 
covered by timber or planks, or a roadway, it is not easily accessible, and sediment may accumulate 
and overflow a portion of the mine before' it is observed and can be removed. If the chaimel is on 
one side, it may always be uncovered, and any obstruction is soon detected and removed. In all 
cases, no matter where the drain is located, it should be easy of access at any time. If parts of a 
drain are necessarily covered, where there is loose rock or gravel. It is advisable to make such parts 
spacious and of mason-work. Wooden culverts are liable to decay, particularly in a mine, and if 
the location of tbe culvert is inaccessible, it cannot easily be replaced without much disturbance. 
This is the more serious if the roadway extends over such culverts. Tbe size and fall of a drain are 
calculated according to the laws regulating the motion of water in canals, but as there are many 
modifications of Ihose laws, on account of obstructions, we are not justified in referring to them. 
The location, size, aod fall of the drains are chiefly ascertained by observation. One foot ttll in 
100 ft. of length is considered sufficient in all instances; but as this, in long levels, causes a con- 
siderable loss in the depth of a mine, less fall is taken in many cases, and the size of the channels 
increased. One foot fall in 1000 ft. causes a considerable current ; but the water must be clear, or 
the drain is liable to obstruction. A deep pool provided at the bead of the drain will retain most 
of the mud issuing from the workrooms ana roads, and pass ihe water free from sediment. Such 
pools may be cleared of their contents when filled, and serve a good purpose in draining a mine to 
its lowest depth. 

By Pumps.— Kneh. ingenuity has been expended in the construction of pumps, in order to drain 
mines with the least possible expense. We shall not allude to the numerous forms of pumping 
machines which have been contrived in past times, nor to many of the Imperfect means for pumping 
at present in use. We shall, however, describe that kind of machinery which is suitable to perform 
the most labour with the least expense. We have spoken of the hoisting of water by means of the 
rope and barrel in former pages, and shall confine our present remarks to pumps only. Notwith- 
standing the progress in mechanics and the construction of machinery, we find men who waste time 
and means on the invention of machinery for lifting water which never will successfully compete 
with well-constructed pumps. The principles governing the construction of pumps are not so 
generally observed as they should be. We state, for this reason, those laws which govern them. 

Principles of Ihe Pump.— There are three principal kinds of pumps— the sucking, the lifting, and 
the forcing pump ; all these are used in mines, and often toe whole of them in one set. The 
sucking pump consists essentially of the cylinder, the sucking pipe, the piston with its valve, and 
the sleeping valve at the lower extremity of the sucking pipe. When the lower end of tbe sucking 
pipe is immersed in a reservoir containmg water, and the piston in the cylinder raised,* the air 
contained in the space between the piston and the sleeping valve will expand, in proportion to the 
space evacuated by the piston. The density of the air without the pipe is greater than the density 
of that within, and pressing upon the water forces it into the pipe through the sucking valve feio 
high as to produce an equilibrium between tho external and mtemal air. As the air within is 
expanded in proportion to the space moved by the piston, an equal amount of water will be pressed 
into the pump to fill the space evacuated by the piston. The densit]r of the air within and that 
without having become equal, the sleeping valve ^uts by its own gravity, and prevents the flowing 
out of the water from the sucking pipe. The piston being now depressed, it will compress the air 
within ; this causes the valve to open, and the air escapes through it It is easily conceived that 
this play of the piston, when repeated, will raise the water to a certain height. It would raise it 
to an indefinite height if the air, or the gas formed by water in a vacuum, was not elastic. When 
the column of water thus raised is equal to the pressure of the atmosphere upon the vacuum, which 
height is indicated by the barometer, the piston may be raised, but it will produce only an elastio 
fluid. Either the water will evaporate and condense with the motion of the piston, or if there is 
any air in the pump it will expand and condense, following the motion of the piston. When 
nothing interferes with the motion of the water in the sucking pipe, and when the piston closes 
perfectly air-tight in the cylinder of the pump, the water may be raised to the average height of 
33 ft.— the greatest height 84 ft. In practice this height never can be obtained, for the following 
reasons ; — There is always a loss of height, because there is friction between the water and the 

§ipe, which diminishes its motion, llie sleeping valve always loses a little water as it shuts. 
'he valve of the piston loses also from tho same cause ; and if the piston does not fit closely to the 
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cylinder, there Ib a Iobs of height hi the witter. As amooth surfeoes diminish friction, particnlarW 
l)etween fluids and solid matter, it is of great importance to make the interior of pipes as smooth 
as possible. The loss of .power in the sleeping yalve is oartly caused by the weight of the valve 
resisting the upward motion of the water, and partly by the impact of the valve when open, which 
prevents its quick return ; and as the water sufiEers less from this cause, it will flow back before 
the valve is snut again. In both cases it is, therefore, advantageous to make the valve as light aa 
possible, in order to oppose little or no obstacle to the motion of the water. The loss in power, or 
in the height of water in the pump, is here in proportion to the weight of the valve. If a ideeping 
valve covering 1 sq. in. weighed 15 lbs., it would not admit of the jpassage of any water, for that 
weight is equal to the pressure of the atmosphere. The weight of the valve causes therefore a 
loss in the proportion of its weight to that of the atmosphere. This loss is increased when we 
consider the impact of the valve. In the sleeping valve of a sucking pump there is, therefore, 
a considerable loss of power, which may be diminished or increased by altering the weight of the 
valve. The valve in tne piston is not liable to the same objections aa the sleeping valve. If the 
piston-valve is of great weight it will resist the motion of elastic fluids consiaerably ; that of 
water it cannot affect, but by the friction which it causes in opposing its weight to the motion 
of the water. On the return of the piston, after having arrived at its culmination, a considerable 
loss is caused by the impact of the valve, which is greater in a heavy than in a light one. We 
see here, that the weight of a valve exerts considerable influence on the effect of a pump, par- 
ticularly on that of a sucking pump. 

The form of valves is of not less importance than their weight. A poppet-valve, in the form of 
a flat dish, is the most imperfect, because it is heavy, and does not affora a favourable form for the 
passage of water. The conical poppet-valve is better than the flat dish. It causes less disturb- 
ance in the current than the flrsfc valve, but it loses water because it is heavy and shuts slowly. 
Balls and cones are valves working well in small pumps, but are inapplicable in large ones. In 
pumps for mines hardly any other form of valve can be applied to advantage than that of the trap- 
valve. We allude to these particularly in the following remarks : valves should be as light as 
possible, for their weight must be lifted by the moving power before any water can pass. If the 
weight of a valve is great, the power required for raising it must also be considerable. The weight 
of the valve should be so regulated that its pressure upon its bearing may be small, and that it 
mav be raised with the least power. When the valve is raised to its maximum, it should be aa 
light as at the bottom, that its tendency to shut may not be retarded by impact. It must be 
quicker in its returning motion than the motion of the water. We flnd here that the horizontal 
position of a valve is contrary to principle, and that a perfectly vertical one is the best. The 
vertical valve has its disadvantages in connection with vertical pumps, because it always requires 
curves to be made in the pipes l^tding the water to and from it. What is here gained in the form 
of the valve is lost in the curve of ti^e pipes. It is therefore of little advantage' to employ vertical 
valves ; the same may be said of inclined valves ; and the question rests then with the horizontal 
trap-valve onlv. There is little doubt that tMs form is the most advantageous; but there are 
objections to the common metal valve, and idso to the leather valve. The common metal valve, as 
represented in Fig. 2524, is a good one, but in heavy pumps it causes strong vibrations, and 
requires constant repair. This ^ve could be fastened to a spring, either of steel or india-rubber, 
80 that it would be repulsed in every position, and nowhere at rest. When a valve is shut with 
pressure upon it, it must be so far lift^ by a spring as to balance its own weight, and also some 
of the incumbent pressure of the water ; but the spring must not open the valve. When it reaches 
its highest elevation a spring ^uM force it back in advance of the returning water. 
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If these conditions could be complied with in practice, there is no doubt but any kind of valve 
affording a large passage would answer. Such suitable arrangements with valves may be possible ; 
but we do not know of any which perform well and which we can recommend. Recently a 
most perfect form of valve for water-pumps of limited pressure has made its appearance. In 
Fig. 2525 we have represented one form of this valve, and in the course of this artide we shall 
allude to some others. The valve is here formed simply by a sheet of vulcanized india-rubber, 
^ of an inch thick in small valves, and increasing to } an inch in thickness in large valves. The 
underside, upon which the rubber rests, is represented in Fig. 2526. It is a cast-iron frame, 
round or square as the case may be, having a crosa-bar in the middle of its area upon which the 
top and the rubber are screwed. The whole area of this plate consists of oblong opemngs for water, 
^ of an inch in width for small pumps, and from that to ^ an inch in width for large pumps, and 
a pressure of 15 or 20 lbs. to the square inch. The oblong holes in this plate may form a grate 
like that in a stove, or the bars may be divided into compartments by cross-bars, which in the 
meantime stiflSan the plate and prevent its injury by slight causes. The sheet of india-rubber 
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«h[cb {b Mrewed dowo In tbe tniddlei la euiW lifted by the slightest preaanro from belov, and the 
opeoinRa iQ tbe bottom plate baiiDg n Kunewhat inclined direotioD, lift the valve very gently, and 
force It III at onoe lo tbe Tull width against its angular support. It offers little or no resistftace to 
the passing irater bf its own weight; it merely diminishes the passage for water. With the 
returning stroke of the pump, the water presses bock upon the vbIts, passing through holes >d 
tbe aogalar support. This valve causes less loss of power than the best valves of other forms ; 
•ad eravity, which caasea coiuideiBble contraction of the currant of water in other esses, has little 
influeoce upon it. The small openiugt in tbe bottom plate occasion some loss of power by friction, 
but these holes may be poIishcL and in (hat case the loss is small. The greatest advantage of 
this valve is its soft bearing and perfectly close fit, which in mines is of considerable importaoce, 
because Ibe waters of a mine often oontain imporities and snnd, which cause metal valves to close 
imperfectly. The simplicity of this valve is asotber recommendalioD which cannot be too highly 
appreciate in miaea. 

Lifting Pvmp. — When water is raised in the Backing pine, which in practice should not bo 
higher than 20 or 25 ft, and the piston ia holbw and providea with valves, It will pass through the 
piston and ascend to any height we please. This height is limited only by tbe strength of 
material. In Pig. 2527 a lifting pnmp is represented, which shows the sleeping 
T^ve oonsidraably above the lower extremity of the sucking pipe. This arrange- ^^' 

ment is necMMir where the sucking pipe dips into an inaccessible pool of water. 
In such ease* all that kind of machinery which is liable to need repairs most be 
easily acoessible. It is not uecesaary to place the sleeping valve in the cylin- 
der, or close lo the piston, as shown in the drawing. It is BUfflcient if the valvo 
is above the surface of the pool from which tbe pump draws its water. When 
the water in the lifting pump is raised to the height necetearr for its discharge, 
a mouth-piece is appended to the vertical pipe, which may be directed to any 

rint which well secures the flowing off of the water. In this case, as well as 
that of tbe sleeping valve, tbe forai of valve and ita operation has a decided 
iDflnenoe npon tbe eOeet of tbe pnmp. If the valve in the piston is heavy it 
will press ujnn tbe pacing water, contract the passage for it, and cause friction. 
If the material of the pnmp, that is, piston-rod, levera, or other machinery con- 
nected with it, is elastic, or if any gas is in the water, or the water warm, the 
elasticity thus produced will canse an oecillation in the column of water above 
the piston, and this by its impact will occasion a considerable loss of power, 
particularly when the column of water is high. It is therefore necessary, in 
order to pndnee the beet effect in a lifting pump, that the valves should be light 
and tbe maobinery of tbe most rigid material. The above-mentioned valve, 
with iron pnmps and machinery^ Is for these reasons the most perfect. 

(V P<itiiiu. — It is an essential opndjtion in pumpa that pistons shonld fit 
eloaely to the ndes of the eylinder. This object cannot be obtained In square 
pomps, for which reason they are imperfect machinee. Wooden cylinders ore 
liable to abrasion, and oonsequentiy soon cause leakage at the piston, for which 
leBBon wood is a very imperfect material for pumps, even for those of low eleva- i 
tion. Wood is not strong nor close-grained : it is liable to filtration through < 

. its pores, and is therefore not suitable for making good pmnps for high eleva- ; 

tions. Pistons shonld fit tight in the cylinder, andaffonl asmnoh opening for — 3V-~-zi;^^^t 

the passage of water as poraible. In Fig. 2528 we represent a ^jisten, wUcb, l-iri.-ir. .-, ~^ 

according to our present knowledge, is the most perfect for a hfting ' ~ 

pnmp of limited height. It is made of iron or brass, as the case i **'*' 

be, cast In one piece, and turned. The packing is ptoduoed by ase 
of steel rings, cne laid on the top of the otner, m> as to fit cloeci; 
between tbemselves; these rings ore spring-hardened, and their dia- 
meter ta somewhat laiger than the diameter m tbe cvlinder of tbe pur ~ 
m> that the elaatiaity of the rings may canae a olose fit in all pa 
These rings ara held at the &ce at the piston and in their places b 
ciroolar ring screwed firmly on the top of the piston, so as to give 
very little play to them. The length of one of these rings is a little 
leas than tbe eiroiuuferenoe of the oylindeo', and the open mtaoe thus 
oansed in one of the rings Is covered by the sound part of tbe next 
ring. The piston itself brms a grate, nmilar to that represented in 
Fi^. 2526, with this difference, that hrae no solid bM traTerses the area. 
It isenttrely composed of small bars and obl<»>g ot rectangular spaces; 
the centre, oontaining the piston-rod and tbe dnnunfeteDce, show* tbe only solid parts. Above the 
piston, some inches distant, a round plate is screwed to the rod, which is permanently fixed in ita 
place. This plate is also piorood with a number of round holes, or forms a grating of oblong 
apcrtores, simitar to those in tbe piston. A sheet of volcanized india-rabber, larger ttion the last- 
deaoribed plate, plays up and down with each stroke of tbe pump, resting either upon the piston, 
in the upward motion, or against the plate in the downward motion of the piston. In this manoer 
the apertures in the piston ara either shot or opened, oooording to the motion of the piston. Tbe 
water thus passing throngh the apertures finds a circular space around the plate abovo, which is 
its p a ssage. In this onangement a oonsiderable loss of power is caused by the descent of the 
india-rubber sheet This loss is eqnal to a part of tiie distance tiaveiMd by the sheet, compared 
to the stroke of the pnmp. We may here employ tbe valve shown in Fig. 2S2!t; but this diminishes 
the aperture in the piston hy the solid bar in the diameter ; still we are inolincd to consider the 
form of Fig. 2526 superior to that of Pig. 2528. 

fbrae-llimp.—lbiM kind of pump hu no valve iu the pUtoD, by which it is chiefly distinguished 
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ttom the lifttng pump. The pmbjo fa here lolid, and tha mt«r is driren t'> bobob side pipe in which 
tho lifting Tftlva la fastened. In Fig. 2529 & common foree-pump is shown. The golid plBton is 
moving in a metal cf Under, which may be cither of cast iron, brass, oopper, or other metaL Tho 
water is sucked from the pool hy its upward motion, Emd iltawn into the cylinder; when it 
returns or descends, Ibe water is forced out of the cylinder, and the sucking v^ve oloeee. The 
feroe-valve is now opened, which admits tho water into a pipe, when it maj be raised to the deeiied 
beieht 

Wa here very soon peroeiTs what eaaaea the chief loss of power in fliii pnmp. Hie water, in 
being drawn into the cjltnder. has attained a certain directioo in its motion, and when uriTed at 
ita mazimam of speed and elevatioit, it is sud- 
denly stopped and its motion changed. Water *"■ """* 
is almost inelastic, and any sudden alteiatioD in 
the direction of its motion will create ooDsidor- 
nble resistance in ita particles ; it therefore reacts 
upon the piston, causing much loss of povet. 
This loss increasesmorerapidly than the speed of 



mines. They require much lepsjr, an 
expensive in the flrat cost, end alao in oonseqaenoe 
of losa of power. 

Force-pumps aimilar in prindpln to the abor^ 
but different in ooustruction, are sztensiTelT em- 
ployed in English mines, and in water-works for 
supplying cities with water. This orcomstanoe 
ia a recammendatioD, bnt it does not maJce these 
lumps better ; and if we blindly Imitate what has 
donebyotlieiB,«euui;beled into the same 



G 

Fig. 2530 is of a pomp of this bind. Instead 
of a piston a plnnger is used, or second cylinder 
playing in the main cylinder, which latter is here jt oommon strong cast-iion pipe. 
The only advantage this pump pooeases over the above-mentioned force-pump is 
the absence of the piston-rod, which does away with the stuffing box for it, and 
also the friction caused by it. Tlue, however, appears to be a small advantage, 
when we oonsider that the stufOng box for the pump. Fig. 2529, Is a mere guidCL 
and that a piston can be more accurately adjusted to the cylinder, M as to afford 
a close packing, than a plunger. The motion of the water is hi ' 



similar kind of action and ruction is produced, and the same loss of power must consequently enstie. 
Theee pumpa are useful when eui exceedingly slow motion of the piston is snfflcient to raise the 
required amount of water. If a pump of this kind is chosen of sufficient dimensionB to do the work 
with a slow motion. It will answer admirably well ; but lifting pumps of large dimensions work aa 
well, or even better. In leading pipes a long distance, or forcmg water to a otmsidenbie height 
by one set of pnmps, it is most usetid to employ foroe-pumps, becanse when the piston-rod of the . 
lifting pump deeoeods through long pipes, its size is greatly increased, and tlie pipes must be made 
wide and strong. Fotee-pumps are therefore necessary m deep mines, where no room can be 
provided for a suoeeasive set of lifting pomps. 

Pi>Ha.— This is a sabjeot of considerable interest in relation to the drainage of mines by 

Eumps ; for all the water raised by the pnmp must be conducted in suitable pipes to the dwired 
eight : and as the expense oaosed in their purchase is an important item, it woold be well to 
ascertain the moat profltable dimensions, in uder to avoid nnneoessarr cost as weil as imperfect 
work. When a pipe Is filled with water, or any fluid, it presses npon the ddea of the pipe with a 
force proportionate to the bead. Pipes must be ei^aidly wide tbroughoat their length ; no oontrao- 
tions of any kind should be permitted ; even bnlgings are diaadvantsgeous to the motion of watar 
when imperfectly made. Cwvea, and particularly sharp angles, are highly objectionable. If sooh 
angles or knees cannot be avoided, it ia necessary to make the rsdios mr the curvature as long as 
possible. When such a curvature is not a part of a small circle, and not an acute angle, its i^n- 
enoe ou the motion of water lu the pipe may be n^leoled ; but in all cases where a pipe tnma 
short, or doubles an angle, the loss in power must bo taken into the oaloulatioa. 

The friction of water in pipes is oonsiderable, particularly under great veloeitiee. If we call V 
the velocity with which water flows in straight pipes, L the length of the pipes, U the height of 
water or head, and B the radius of the pipe, the velocity in the pipe will be 
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It follows from this that tha loss In power increases with the square of the velodty, and that 
the least velocity is the moat advantageous in practice, fluently we flnd the velocitiea in water 
conduit pipes great, and of course a considerable loss of power is eiperieneed. As a mie, we may 
state that water should not move with a greater velocity than * ft. per seoond in smooth and 
Btmight pipes. In curved pipee the velocity should be leas, and in curved and contracted pipm 
stf II leas. In the latter case the velocity should not exceed 2 ft. per seoond, and this HhouM be 
reduced one-half if the pipe is longer than 100 diameters. We thus percoive that curves and 
contraotions in pipes, to which roughness may be added, are imperfectionH which should be avoided 
by all means. They make it necessary to increase the width of the pipes, and thus the cost is 
increased. 
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Tbe thioknesB required for pipes is determined by the preasnre which mfty aot upon their woUa. 
The higher the water is in a vertical pipe, the greater is the pressare it will exert, and hence the 
strength of the pipe mnst be proportionate. As the tendency to rupture also increases with 
the diameter of the pipe, it follows that the larger the diameter the more metal will be required 
to withstand the pressure. If we call the diameters of two pipes D and d, the perpendicular 
height of water in the pipes H and A, and the thickness of the pipes T and tj we obtain the follow- 
ing equation, T I t 11 U^ x V I h x d. When the value of one of these sizes for a certain material 
is known, we obtain the other very readily ; that is, if we know that a certain pipe is strong 
enough to resist a certfun pressure, we find the thickness of another pipe by substituting the 
values in the equation. 

Experiments on various materials have shown that if we express E = T in twelfths of an 

inch, H in feet, and D in inches, the strength of material must be as the following numbers. 

H X D fi X D 

For lead, E = — ^ — ; for oast iron, E = ; and for wooden pipes with iron rings, 

£ = — 2 — . The thickness of a pipe is therefore as the height, and it s]iould increase with the 

latter. When a set of pipes of a certain height are properly constructed, the upper part may be 
either thinner, or made of a weaker material in case it is cheaper. Cast-iron pipes are the most 
common in mines, and in fact are the only practicable pipes ; but as this material is liable to great 
variation in quality, and also the thickness of cast iron cannot be depended upon for uniformity, 
we should increase the stren^h found by the above formula at least 25 or 30 per cent. We find, 
then, for a cast-iron pipe which is to bewr a pressure of water 50 ft high, and 6 in. in diameter, 

E = = 1 *5, or •^ of an inch in thickness. Such a pipe cannot be cast, and we may assume 

that a cast-iron pipe of 6-in. bore must contain } an inch of iron. This would afford strength for 
200 ft. head, but as the formula indicates the extreme thickness, it is advisable not to extend pipes 
of I an inch metal and 6-in. bore lower down than 150 ft. Each additional 40 ft. in depth requii«s 
^ of an inch additional thickness of metal. 

J^ quctniity of water furnished by a stroke of a pump is exactly e^ual to the space which is 
formed by the piston in the cylinder; that is, it is equivalent to the height of stroke multiplied by 
the area of the piston. If R is the radius of the piston, or bore of the cylinder, and S the stroke of 
the pump, the quantity of water furnished by each stroke = B' x 3*1415 x S. The height to 
whion the water is lifted has no infiuence upon this result. We assume in this formula that no 
water is lost by the valves, which is not the case, as we have seen above. As this loss depends 
upon the form of the valve, we cannot introduce a general ooefiScient which shall express it. The 
loss is often considerable, out as the water is not lifted which thus fiows back, the diminution of 
power is not directly as the quantity, but a permanent part of it. Leakage between the piston and 
the cylinder is calculated on similar principles as the loss caused by the valves. 

By actual experiment, it has been found that a man may lift 80 gallons of water in one minute 

10 ft high, by a good pump. He will, therefore, lift 160 gallons 5 ft. high, and 40 gallons 20 ft 

high in the same time. The labour performed by men, animals, and machinery is always a product 

of time and power ; and as a man or a machine can make advantageously but a certain number of 

motions in a certain time when applying their power, we are under the necessity of modifying the 

dimensions of a pump to the.kina and form of motive power which we emplov. A man may make 

from 60 to 80 motions per minute without over-exertion ; the contractions of the muscles admit of 

such a number ; and if a man, or a number of men, are employed to move a piston directly, or bv 

a lever, the dimensions used must be such that the power of the men can oe profitably appliea. 

The above standard, tliat is, 80 gallons lifted 10 ft. m one minute, is a high result for a man's 

labour. It brings the unit of his power to 80 x 8 X 10 = 6400 lbs. 1 ft. high in one minute, a 

result which is, for the average of human labour, bv one-half too high. Here, however, as in all 

cases when we calculate the size of a pump, it is advantageous to assume a high standard of the 

unit power, because it will furnish a larger-sized pump than a low standard. We take thus for 

one man, 6400 lbs. lifted 1 ft. high in one minute ; for the labour of an ox, 15.000 ; for that of a 

mule, 20,000 ; and for that of a horse, 80,000 ; and for a steam-engine or a water-wneel, 40,000 may bo 

assumed. But as the elements by which the labour of such machines is estimated are exceedingly 

variabler we calculate the size of pumps ilocording to the quantity of water which is to be lifted by 

them. A man may lift by his arms a certain load eighty times 2 ft high, and if he is to lift 80 gallons 

10 ft high in a minute, he must lift 1 gallon 10 ft high with every stroke, or every motion of his 

body: and as his hands can move but 2 ft. high, he must either apply a lever of 1 : 5, or lift the 

same quantity of water which is in the space of the 10 ft. in height, only 2 ft. high. We have seen 

above that water in pipes should not move with a greater velocitv than 3 ft per second, and for 

practical purposes 2 ft. are preferable to 3. When water is to be lifted 10 ft. high eighty times in a 

80 X 10 
minute, this will give a velocity of — ~ — = 13 8 ft. this divided by 2 furnishes a motion nearly 

60 

seven times too rapid for water in pipes. The dimension of the pipe must be such as to contain 
1 gallon of water m 1*9 ft. of length. If now the piston or the cylinder is equally wide with the 
pipe, the man must be placed so as to make 2 ft. motion in producing 1 *9 ft. in the pump. The 
piston or cvlinder of a pump is generally made larger in diameter than the pipes* because the valve 
contracts the passage in small pumps at least to one-half, and the cylinder u for these reasons one- 
half wider than the pipes, which causes it to have twice the area of the pipe. The velocity of the 

1 *9 
piston is therefore half that of the water in the pipes, and amounts to -^ = * 95 of a foot for each 

motion of the man. This * 95 of a foot in length of the cylinder must contain 1 gallon of water. 
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and as 1 gallon is ^ of a cubic foot, the diameter of the piston mnst be, when a gallon is 215 in., 

equal to 5 in. In this odculation we have not estimated the loss of water caused by the valvee. 

If we assume that this is ^ of the whole amount of water raised by each stroke, the diameter of the 

cylinder must be 6 in. in order to fumiah the 80 gallons per minute. To this pump a IcTcr must 

be applied, at the longest end of which the man worlu. As his motion is 2 ft., the leverage 

*95 
must be -^ • or nearly 2 to 1. 

This calculation is applied to a height of 10 ft., and if the motion is only 2 ft., the area of the 
piston must be five times as large, or the stroke five times increased. If the height to which the 
water must be raised is 20 ft., the area of the piston can be half of that for 10 ft., or the stroke of 
the pump must be diminishea as the height increases. Ten times the height of water requires a 
piston ten times less, and ten times smaller pipes for the same amount of water. As the areas are 
as the squares of the diameters, the diameter of a pump is inversely as the square root of ihe 
heights, or as the squa re root s of the quantities of water. Generally, the diameters of pumps are 

T>:d:: VH x Q : V A~x7, in which formula D and d are diameters, H and h heights, Q and 
q quantities. 

Loss of Power in Pumps. — The loss of power in a pomp is caused b^ the friction of the piston on 
the sides of the cylinder ; friction in the machineiy which sets the piston in motion ; ana friction 
of water in the pipes and valves, and imjxiot. The friction of a good metallic piston is not more 
than -^ or |iy of that of the power applied. Leather, hemp, or india-rubber cause \ loss of the 
power applied. The loss bv friction between cast iron and wrought iron is | of the moving power ; 
it is less between brass ana iron. Iron is very much corroded bv the water of a mine, and if the 
first cost is not considered, it is advisable to line the pump cylinders or plungers with brass. Tlie 
height of a piston should be at least ^ of the diameter for metal packing ; and for steel rings at 
least ^ of that length should be the length of the packing. The friction caused by those parts of 
the machinery which set the piston in motion is equal to that of the piston itself, when weu made. 
All other losses, added to the above, increase the loss of power — ^in a good pump to one-third of the 
power applied; in ordinary pumps to one-half; and in ill-constmeted pumps to still more than 
oue-half. 

Length of Stroke. — ^There must be a certain limit of the length of stroke ; it is asserted that in 
the largest poppe the stroke should not be more than 8 to 10 ft., and in hand-pumps proportion- 
ately less. We nave seen on what basis the stroke of a pump is calculated for any power. That 
rule, however, would make the stroke in heavy pumps too short. A consideration wnich has most 
influence upon the length of stroke is the loss of water through the valves, which amounts to a 
considerable percentage in pumps with large valves and short stroke ; and as this loss is uniform, 
and is the same for the lon^ or the short s&)ke, it follows that a long stroke offers advantages in 
this respect. Another consideration is the size of the piston-rods ; here the advantage is in mvonr 
of the long stroke, because the force required to move a small piston is not so great as that to move 
a large one, and the section of the rod may be smaller for these reasons. The onl^ objection to the 
long stroke is the loss of power by incresised friction in consequence of the diminished diameter. 
This loss, however, is not serious, considering the advantages of the long stroke. In this respect 
the force-pump with a plunger has advantages over the lifting pump, bemuse it has no valve, and 
its size may be equal to that of the pipes, while that of the lifting pump must be twice as large as 
the latter, and in very large pumps at least 1| times that of the size of the pipes. We see no 
serious objections to any lengtn of stroke, which is not limited by practical considerations. It may 
be urged that long cylinders cannot be bored correctly ; this is no serious obstacle, for a plunger 
may be turned 40 ft. long and be perfectly straight and round ; and if the advantages ox a long 
stroke are so favourable as to outweigh those of the lifting pump over the foroe-pump, there is no 
objection to the latter. 

PistonrPods. — In large and also in deep pumps, the piston-rod is 8& object of particular atten- 
tion, and various means have been sugg^rted to overcome the objections to long rods. This circum- 
stance alone is sufficient to balance all the advantages which may arise from an inclined shaft. The 
pumps may be set vertically in all cases, but the pump-rods are subject to the direction of the 
shafts and drifts. In inclined drifts or shafts, a pump-rod is generally composed of a number of 
short rods, which are supported and connected by levers which rest on axes. In Fig. 2531 is repre- 
sented a system of such rods. These are made of wood, mounted at the ends with iron. The whole 
system of these rods plays thus with the oscillating motion of the crank, and as they must be neces- 
sarily heavy, a great deal of power is lost by friction. Iron rods cannot be applied in these cases, 
because the distance from one support to the other must be made as long as possible. This is 
often, with wooden rods, 50 ft, and from that to 100 ft., for one length between two supports. An 
oscillating motion of any power may thus be carried to a considerable distance ; it has been ex- 
tended in old mines to many thousands of feet. In vertical shafts, similar pumi)-rods are used; of 
-course these are not supported at certain lengths; the wood is screwed together: and if the depth 
of the mine is great, the rods are supported by chains slung over pulleys. In Figs. 2532 to 2534, 
we show the arrangement as it is commonly made. The pump-rods are of wood, carefully spliced, 
and secured by layers of timber and iron hoops. The sticKs of which the whole length is composed 
are carefully straightened, hewn, and planed. We represent in the engraving three parts of the 
whole of a pump,— an upper part. Fig. 2532 ; a middle p«t, Fig. 2533 ; and a lower part. Fig. 2534. 
The mine may be of any depth ; the form of the upper and the lower parts is always the same ; the 
middle part is made longer or shorter, or the numoer of pulleys increased, as circumstances may 
demand. We see here the lower part of the whole set of pumps consists of a sucking and lifting 
pump, all the other parts, however many there may be, are force-pumps with plungers. The weight 
of the whole length of the piston-rods, plungers, and all the moving appenaages, is here equal to 
the column of water, or to the united sectional surfiaoes of the plungers, mdusive of the friction of 
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pnmpa hu inere1;r t° I'^t tlie 
piatoa-ioda. TbU Brninge- 
ment ii judiciouB, for by it 
the rods ue prevented from 
receiving the piuhinj; force, 
and it proTides agaioat vt- 
bntions. The rod has here 
lo sustain the diieat stnia 
only; a,ad aa wood as well »a 
wtoaght iron ia itrongert 
vhen the force i» directly 
Applied, the material Is in 
this position osed lo the beat 



leds are In this ease, as In 
moat other*, preferable to 
metal rcda. we shall en- 
deavour to explain the cause 
of this hereafter. 

Id the oonstmctiou of 
pumps for deep mines, ptunp- 
roda form a most important 
particulu. Ttiey freqnentlj 
ate the odIj cause why a sno- ^^ 

cewion of pump* is set oue 
above the other, and if we 
endeavooT to limit the num- 
ber of pimip*, we lose the 
advante^ arising from work- 
ing the pump by the gravity 
of the rod, or we are eipoaed 
to injurious vibrations. If 
we apply lifting pomps, we 
may raise aoolomn of water 
to any lieight by one pump, 
but this requires generally 
ponderoas piston-rods, and is 
•Don aliaadoDed, and the sets 
of pump* mnltiplied. Thia 
division of the whole height 
of a pomp into various seta 
is in many reapeota advanta- 
geona ; the rods and the pipes 
may be lighter, and all the 
■DBohiDery omnected with 
tbem, so that a number of 
pnmpi of a certain height 

each is preferable to one pump eitendiog tbe whole height, 
one pomp exceeds the advantages whinh may be derived uom 
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nhieh the pnmp ta oooatrncted, we limit that height to the nature nf the mnterial. Ve linve 
Been that caBt-iron pipes of G in. in diameter cannot be cast thinner than } an inch. If we ni^ 
pipes only 6 in. wide, it wonld be disadvantageous to take a less height far the pump than 360 ft.. 
becanae caat iron of that thickneBS can bear the piestmre of a column of water of that height If 
the pipes are wider than 6 in., the height of the pnlDpe must be diminished accordinglj, or the 
thiokneas of metal increased. If the pnmp or pipe is 12 in. wide, the height can be only 75 fl., or 
the thickness of the iroD must be 1 in. Are the pumpa narrower than 6 in. in dinmeter, either the 
iron can be made thinner, or, which is preferable, the height of the pumps ma; be increased. 

One setofpuropaiB net often made higher than 150 It., and from that to 100 R. Each set throws 
its water into a flrmiy-placed cistern, fiom wbicli the next pump suoks it. The lowest set, or the 
lifting pump, is generally not very high, and seldom exceeds 40 or 50 ft. The water in mines din- 
tains always a lar^ quantity of air, which ie moetly thrown ont at the first putnp r if this air is 
permitted to paaa into the next pomp, an equal volume of water is replaced by air, and of o<mn« 
the pump doea not throw bo much water as calenlated. The sncking part of the pump ia fiir Uipso 
Tcasona never very high, and often it dues not eioeod B or 10 ft. The pumpa are lodged and faa- 
tened upon a part of the rook. In a vortical pit, this is excavated so wide aa to admit the peaeft^e 
of the platforma and of the workmen ; but the remainder of the space of the sectiou is appropriate)! 
to the pumpa. Such a projection extends often 3 ft. into the pit, which forms, when in eolid ruck, 
a strong ohin or bracket. The cistern rests partly on this bracket : the Inrgest part of it, how- 
ever, is sunk into tbe rock, a chamber having been excavated, with a floor on a level with the 
upper edge of the bracket. The bracket is generally some fevr feet high, and tiie ehaft below 
resumes its usoal form. The division of a pump in deep pits haa also other advantages, one nf 
whicli is that of oalleoting the water [com each height of a set of pumps. The water in coming 
down from above one of the cisterns is gathered into it by means of en inclined gutter cut in the 
rnck,.ot fastened to it. If the depth of the mine is divided into various work-levela, the water from 
each level is gathered iu the next cistern below it. 

~ '" of a Pomp. — Whenever a shaft Is sunk to such a depth as to require a pump; that is, if 

the whim and the barrel c « . , . . - 

__. _ _ npon the bottom of the pii 
A aueking aj>d lifting pump. This ii 

when once lowered it la never raiaed again, It is suspended on two pain 
represented in Fie. 2535. It is well fastened above, so as to secure it flnniy ii 
[)iaton-rod, which is in the interior of the straight pipes, is secured by 
a stuffing box. Tbe piston lifts the water high atxive tbe top of the 
pump. At the upper part of the highest pipe a leather hose is at- 
tached, in which the water la either eonduot^ to the nearest cistern, 
in case there is already a set of pumps fastened in the stiaft, or tii 
the anrfaee, and discharged. This fleiible hose allows the pump to 
be gradually lowered, aa the hottoni of the pit ia sunk deeper by tlie 
workmen. In some oases tbe lower part of the pump— that is, the 
pipe with the basket — is roplaeed by a piece of strong leather hose, | 
wiiieh is flexible, and may be put into any pool in the Irattom of the 
pit, the workmen having previously made a cavity for gathering the 
water. In the drawing we represent the basket which dips Into 
the water as composed of parallel rods, instead of round holes bored 
into the pipe. Tbese nbloug cavities do not Bll so soon with deliris 
of rock, and may be made narrower, aObrding stilt a larger passage 
for water than round apertures. In some instanoes the lowest part of 
the pipe is provided with a tmmpet-ehaped mouth, and a basket is at- 
tached to the pipe. The latter arrangement offera more basket surface, 
and is not so liable to tie Oiled bypartiolesof rook as the pierced pipe. 

Propraal of a Saa Method for Setting Pumju.—Host of the minea 
in the United States are not very deep, seldom more than SOO or 400 fl. 
Those of the latter depth are very few; most of tliem also are little 
below the water levels of the counby, and many years may elapse trafore 
miners are compelled to extract mineral from deep ones. Many of the mioeB, however, contain 
large quantities of water, which prevents the working of them. The means required to erect an 
expensive pmnping machine are comparatively great, and in most cases it ia not certain that the 
mines will repay the eipensea incurred: we tlierefore propose the following arrangement, whicii 
may in some instances facilitate the working of a profitable mine, now dead for want of mesna to 
construct a sufficient number of pumps. 

Any mine may be worked by means of inclined shafts, and if they interfere with the erection 
of common pumps, and nlso with the hoisting apparatus, the difficulty may be remedied if tho 
machinery is adapted to the peculiar form of the shaft. The excavating of an inclined drift or 
shaft is on the whole not more expensive than that of a vertical shaft ; its length is greeter, but 
the work may be performed with more ease and on lower terms for the removal of the same amount 
of rock. We represent in Figs. 2536, 2537, this system, and shall pointont ita advantages presently. 
Elg. 2536 shows an inclined shaft, whose slope may be more or less than 45°, but in nil iOEtnucta 
it should be sufficient to admit of the use of oarriage platforms on which the cars from the galleriea 
ma; be driven and hoisted as the; come from the workrooms. The shaft has tbe width for oue 
track of railroad, calculated to carry aa rancli mineral as the mine may furniah ; the platform being 
of sufficient size for taking as many cars as may be required for one trip. The hoisting is there- 
fore done all on one track, and aaa wire rope ma; 1)0 made sufficiently strong for any load, no matter 
how heavy, there is no objection to its loiating nil tbe mineral on oue platform. The platform 
t^ufl tMvels up and down on the same tracic, wliich causea appareutty a loss of power, but not in 



LB we shall see pnscotly. The v 



o IP m mmmmmmtimmmmmUmm mm a 



wofked by ulheaian. A Aram coDDoeted with tti« engfne ftt the top, upon lua. 

which the n>pa ninda, bam great ndraDtages in respaot to the dantbillly of 
the lopo, but wtiere economy in drat coit U an object to the toiiiei', the 



port in vhjch the pnmoB are dirtribotod u more diMinotl; shown in Fig. . 
'zS37. We see there tbe <ragoa-tr*ck for the pUtrorm, and a nniaber of 
pumps dirtnbuted bIouk tbe second rope. At each pump Is a pulley, uonnd 
whifb the wire rope is slnog, sod tbiadriTeB tbe pomp. Wortprcsent in the 
drawino; the pumps bI sunk m the ground ; there is no necessity for doing 
this ; they may be laid on tbe floor of Ibe drift oi posted upiigbt. As to 
rotary pumpo, any kind wbicb Till fnmish most vater by tbe application 
of the imalleat power is right. One condition, however, most be observed 
in determining on tbe plan for these pumps; that is, tbe rope travels back- 
wards and forwards, and the pumps muat work lo both molioni. Pnmpa 
which are driven by a crank offer no difficulty in that respect, altbongh 
Bome kinds of rotary pnmps work only in one direction. Any nomber of 
|iam|is may be employed with tho greatest /acility; and if expense is a 
oonsideratioD, the cbeapesl kind of pomps, those which throw water but 10 
or 50 ft. hi^h, maj be used. If, in the course of the work, it is found that 
the pnmp* in operation are too small for the labour assigned to them, an 
addition to their number may be made instead ol throwing the old pumps 
out. The leading principle is here to employ a large nnmber of small 

tinmps, of limited lift, instead of only a lew reaching to a great depth, and 
ifting with each set to the height of 150 or SOO ft. 

Tbis system of working a mine Is not confined to tbe slope; it may bo 
used lo equal advantage in the vertical pit or boriionlal drift, as is shown 
in the following figure. The inclined pit is, however, cheaper than tho 
vertical one ; and as the objections to it are removed bj Ibis kind of mst- 
chincry, we coosider it to be the most edvautageons form for hoisting, 
pumping, and ventilntion. IF tbis mclined pit is of tho sauie size as a ver- 
tical pit, and if its length is greater than the latter, it may be oicavatcd 



onUldntt; and if 

□ the drift, it will 
lore room required 



the work in the slope cannot be done quiU as cheap ai . 
ooat but little more. In a!l instances there is not much a 
in the slope than in the abaft. 

In Fig. 2538 we represent tbe same principle adapted to a vertical shaft. 
In fact It does cot make any essential differance if the system is applied 
either to Ibe one or Ibe other form of i^ntrance. The chief objection lo the 

vertical sbail is its admiKing only a etnall platform, whicli, even if it takes as much miseral as the 
large jplatform of the slope, or that of tbe drift, it requires more time to unload. Assuming (hat in 
miNt, if not ID all cases, the dog-cart is the most piofltable in our mines of limited extent, that 

4 X 



1282 



DBAINAGE. 



2631. 



cart must be admitted upon the platform at once, and also easily removed. When a large quan- 
tity of mineral, such as coal, is to be hoisted, a number of carts must find room at once on the plat- 
form, without being much crowded. It is not objectionable to make the platform of an inclined 
plane in the form <? steps, so that it may afford a large area. To this arrangement there is, how- 
ever, some objection in the vertical pit, because it would require a high tower to bring all the 
platforms, if more than one, above ground and unload them with dispatch. It needs scarcely to 
DC stated that the rope which drives the pumps requires no greater strength than is neoessarv for 
that purpose. Either rope, it may be that for noisting or for pumping, has its peculiar size. Both 
ropes need not be of equal size. 

In respect to ventilation, this system offers peculiar advantages. Where no air-shaft can be 
located conveniently a blower may be placed at the bottom of the pit, and driven bv the guide- 
pulley. The changing rotation of that pulley is no objection, for if a common fan-blower with 
radial vanes is employed, it does not make much difference which way it is driven. The blower is 
here at the best place in the whole mine. The air is here heaviest and of most force. 

Various Fbrms of Pumps. — ^In conclusion, we furnish various forms of pumps now in use, and 
select such specimens as are most suitable to secure the desired effect with the leasl labour and 
expense. When water is to be lifted only 2 or 3 ft., the use of the oonunon water-bucket is about 
as profitable as any instrument we could apply, particularly if no other motive power but that of 
man can be employed. If circumstances aamit of the use of animal power, or water, or steam- 
engines, these of course are preferable to human labour, because they are cheaper. If a unit of 
power is represented in that of a horse-power in the steam-engine, which is by general agreement 
88,000 lbs. lifted 1 ft. high per minute, and we calculate the cost of that unit in the various means 
by which machinery or pumps may be driven, we find the expenses for one hour as follows ; — The 
cost of that unit of power in a water- wheel is very small, and amounts to the interest on the capital 
invested. If we neglect this item in all cases, which properly may be done, because it is variable 
and depends chiefly on localities, we find the cost of one norse-power in the water-wheel pw hour 
a mere nominal sum. The same unit causes in a Cornish steam-engine the use of 8*5 lbs. of coal, 
to which the wages of engineer and fireman, and also the cost of repairs must be added, which may 
increase the expense about 1 cent per hour in large engines, and 2 cents in small engines. The 
price of ooal is very variable in the United States, and so must be the cost of power in a steam- 
engine. A common engine with crank and fly-wheel, well made, and of at least 100 horse-power, 
wifi consume 5 lbs. of coal for the same power. A stecun-engine of less power and high pressure, 
will consume 10 lbs. ; and a small engine, of from 15 to 20 lbs. of coal per hour and per horse- 
power. The actual cost may be little more than 1 cent in the best engines, and about 10 cents in 
small engines and with high-priced fuel. A unit of power wUl cost in a 
horse from 20 to 50 cents ; in the ox and mule about the same. Human 
labour will cost at least $1 for the amount done by the water-wheel for 
nothing, and by a good steam-engine for 1 cent. As the lifting of water 
is an operation which requires constant and in most cases great power, it 
is well worth while to give close attention to the engine which drives the 
pumps, and to the construction of the pumps also. 

If water is to be lifted only 10 or 12 ft. hi^h, wooden pumps may 
answer the purpose ; but as in this instance a saving in the cost of labour 
is of importance, the common wooden pump will not answer. Where only 
a small quantity of water is to be lifted, the common hand-whim or horse- 
whim is used, together with the barrel or kibbel, the use of which is limited 
to small mines or small quantities of water. A wooden pump is repre- 
sented in Fig. 2539. It is constructed of 2-in. plank, ana well provided 
with iron hoops for securing its joints. The lower part of the pump has a 
short sucking pipe, and some projections to sustain the lower extremity 
above the bottom of the pit. This sucking pipe, which may be 2 ft. long, 
is required to prevent fragments of stone from entering the valve and 
pump, because tnese will drop in the downward stroke of the pump when 
the water is at rest in the sucking pipe. The piston is a block of wood 
through which some auger-holes are oored. The piston-rod may be either 
of iron or wood; in the latter case it should be mounted with iron, in 
order to fasten it flrmly to the piston. The valves are made of sole- 
leather, or, what is better, vulcanized india-rubber, provided on the upper 
side with a piece of sheet metal, riveted to the leather. The latter must 
be large enough to cover the whole area of the opening, to prevent injury 
to the leather. These pumps may be made 12 in. squaro inside, and even wider than that, but it 
is not profitable to make them less than 6 in. squaro. Water cannot well be lifted with these pumps 
to a greater height than 12 ft. 

Spring-Poles for Pumps. — ^The means by which to cause the oscillating motion of a pump piston 
are various. The crank appears to create the most imperfect motion, for any pump to which it is 
applied furnishes less water than when other means are used. Human labour is generally applied 
to a lever of unequal lengths, on the longer part of which the moving power acts. This appeias to 
be the most profitable form of applying the power to common pumps. On board the flat-boats, on 
the Western rivers, a kind of square pump is in use, which is very imperfect so far as the pump 
itself and valves are concerned, out a man may throw a large quantity of water with one of them. 
These pumps are provided with a spring-pole instead of a lever. We have found this to be an 
efficient means of conducting power to the pump, and consider it the cause of the large quantity of 
water raised. In adapting spring-poles to other pumps, the quantity of water raised is g^reatly 
augmented. The arrangement is in this case as represented in Fig. 2540. The rationale of this 
operation is as follows. When the elastic spring-pole is depressed with the piston to the lowest 
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1 & Kla« cliu]^ by the etank. 
bv mcana of the first tb&n by 
it be a - ' ■' - '- •^- 



oorreot than i; 



. point, the depresdng fene rehxM, And tbe pole rettma to its fonner poettion, liRIng the vhole 
column of watei by its elasticity. The change of motion ie here very anddon, and tonda to elose 
the TalvM qnickl;, lo that not much water can return tbiongh them. The rod, in moving tlie 
column of water with a great Trlocily, will mount to a higher point than actually belong! to it 
when at rest, and relum from ^^ 

that elevation quickly, ThiarB- "* 

turning motion may be araiated 
by the moTing poirer. The suck- 
ing Talre also u here forced to 
•hut quickly for the same reason 
as the piston-ralve. Another 
adfantage tuny be found iu the 
mode of applying the muscular 
poirers ; the apWHrd stroke being 
performed by tne rod, the musclea 
of the moa are free to relax and 
gather freah energy for the next 
stroke. We allude to thia as an 
inpotiant aid in the motion of 
pistons in pnmpa. This spring- 
pole produces quite the reverse 
of the crank motion, when the 
latter is converted into linear 

elaatio spring-pole, ai 

—^ 9 water when worked 1 

kuc mtHu-, uiD yiLuvnitv uivolvod In tha motion of the fii 

latter. This applies, of course, to pumps generally. In constructing pnmM. and particularly 
the connection between the moving power and the piston, we should apply this aid in all cases. 
When the pump is driven liy horses, oxen, a steam-engine, or a water-wheel, which power cannot 
bs employed like that of intelligent men, we should apply that force to an elastio medium capable 
of producing a similar motion M the spring-pole. We indicate in the drawing the application 
of a uniform rotary motion, by means ofettnm to the piston-rod itself. This may be wupted to 
a oonunuaicsting lever, or a prolongation of the spring-pole; but in no c*ie will it work to 
advantage when appli«l to the apring-pole itself, (tt a plaos between the pomp and the fixed point 
of the spring-pole. It is not neoeasMj, and li also impnetiMbl& to emplov a spring-pole at larga 
and permanent pumps, but by whatever means the motion is ptoduoed, it ahonid be of this nature. 
The dlastio medium has an improving and i^;nlating effect upon the aotion of a pump. In attach- 
ing steAm-power to a i>ump it is therefore proper Ui dispense with the fly-wheel, uid apply the 
steam directly to the pistun-rod, or a rigid oonnection with it. We obeerve here that an elastio 
piston-rod will be productive of the reverse effect produced by the spring-pole. 

In Fig. 2541 we represent a liniug pump, composed of iron pipes, and a wooden piston-rod ;' the 
latter is shod with iron, where it is connected with the piston. In ^' """ ' '■* 

piston, the packing of which 
may he taken out and put in 
from below, BO that buth sock- 
ing valve, lifting talve, and 
packing are accessible from 
the one valve chamber, and 
the piston rod need not be 
drawn when anything happens 
to the piston, or when the 
packing or valve Is to be re- 
placed. The packing is here 
protected BEBinat ooatse sand 
and stonea by the upper nrt 
of the metallio piston, which 
is made so large in diameter 
as to close very near to the 
■ides of the pump. A etiong 
iron hoop ia brat over the 
sucking valve in the form of a 
protecting are, in order to pre- 
vent injury to that Talve by 
the piston, In case It ahould 
drop. 

In Fig. 3543, we repMsent 
a forcing pump with a de- 
scending plunger, which icay 
be oonsiiiered a specimen of a P_ 
good pumpoftbiskind. The ~ 
weight of the plnnger, which r_-_ 
ma^ be mmlifled by inserted !!_ 
weights and piston-iod, is here 
ealontatod to force the water into the lifting pipe. As the changes of such a heavy rod cannot be 
aided with a spring-pole, the 1*1 ves must not open too far or th(« will be liable to lose much water. 

4 H 2 



a ifig, 2512 are two sections ol tho 
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The packing of the stuffing box may be hemp ; vulcanized india-rubber is however better ; leather ia 
frequently used, but anti-friction metal or brass is preferable to either. The sucking pipe is never 
very long in these cases, that it may not lose much water by the liberation of air from the water. 

Fig. 2544 is a drawing of a pump of the largest kind ; the sucking valve lb represented as being 
open, and the forcing valve shut ; the niston U half-stroke, and ascending. This kind of pump 
works very advantageously owing ohieny to the peculiar arrangements in the valves. As this is 
an object of importance, we furnish the valve in various figures, which represent sections and views 
of it. Fig. 2545 shows a vertical section of the valve when open ; the movable part, as is seen, 
rises to a small height only, and consequently shuts very quickly, affording a lai^e passage for 
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water. In Fig. 2546 the valve is represented as shut. Fig. 2547 shows a view of the valve shut. 
Fig. 2548 is a section of the immovable part of the valve ; and Fig. 2549 a section of the cap or 
valve itself. Fig. 2550 is a view from above. See Arohdixdian Sobbw. Artesian Wells. 
BoBiNO AND Blasting. Goal Mining. Conbtbuotion. Coffkb, Float Watbb-whexls. Ibon. 
Lead. Pumps and Pumping Engines. Tin. Valves. 

DRAINAGE and STENCH TRAPS. Fb., Puiaarda cP^oaulemetU ; Geb., Senkgruben; Ital., 
Valcola a tenuta dTaria ; Span., Aparatoa inodoras. 

See Tbaps, Drainage and Stench. 

DRAWBRIDGE. Fb., Pont-levis ; Geb., Zugbnicke ; Ital., P<mie levatoio ; Span., PutnU levadixo. 

A bridge of which either a part or the whole is made to be raised up, let down, or drawn or 
turned aside, is termed a drawbridge. The movable portion, or draw, is called, specifically, a bascule, 
balance, or lifting bridge, a turning, swivel, or swing bridge, or a rolling bridge, according as it 
turns on a hinge vertically, or on a pivot horizontally, or is pushed lengthwise on friction rollers. 

The bridge shown in Figs. 2551 to 2554 ia.a rolling drawbridge, designed by C. T. Guthrie, for 
military purposes, for which it is well adapted. However, drawbridges for dvil use constructed 
on this principle may be applied with much advantage. 

The oridge Is formed of two rolled or built wrought-iixm girders, covered with planking, and 
supported at their centres by cast-iron struts ; these are suspended by links in such a manner that 
while the upper ends of the struts accompany the bridge in its motion, their lower ends travel 
nearly vertically against the escarp widl. Thus their centres of suspension, which are also their 
centres of gravity, descend in circular arcs, whilst their upper endjs which support the bridge 
ascend in arcs of a certain curve. The weight of the struts is thus opposed to the weight of tiie 
bridge, and the position of their points of suspension, their angle of inclination, and weight, and 
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the form of tba noen gainst which thdr lower eodi travel, are each thM they balance the weight 
of the bridge in oTorj possible position, without an; waste of material. It fbllawa from this that 
the foioe roquitod to move the brid^ ia exooediogl; small, being dne onl^ to the biolion on tha 




The diagram. Fig. 2555, 1b to iUnstrata the method of finding the proper cnrve to give the 
acen, Id order tut the bridge should be bolanoed in ever; poeitioa ; it also shows the path of the 
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centre of grsTitjof the bridge. It ii mmecetmrj for any pracUeaJ pnrpaw to flnd the equation 
In these curvee ; anffioe it to say that the flrst is oompoundcd of the equation of a pirole and its 
diameter, and the aeoand of the equation of an ellipse and its diameter, and that while one centre 
is moving diametrically, the other ia moving perimetrically. 

The oonstractivs method of findii^ the proper onrve for the raoera is as follows ; — 

While the centre of the bridge aaoends in the arc A B, the oentreB of the struts descend throngb 
the arc D E. Now as the stmts are to balance the bridge in every ponition, the relative vertical 
rate of motion of their centres must be inversely as their respeaUTO weights. Draw the hori- 
zontal lines A C, D K, then the weight of the bridge is to the weight of the slruta as K E is to C B, 
and the centre of the bridge mustpass verticnllj from C to B at the same relative rato at which the 
oentreof the struts peases from K to E, Draw the saotor BGC„ similar to the eector C D E, and - 
divide the arcs B Q and D E into the same number of eqnal parts, and draw the horizontal lines 
g a, g, a„ g, a„ and so on, <1 i, if, Jl„ and so on. Then it is evident that If the centre of the bridge 
riaes snocessively to the levels g, g,, g„ and so on, while the centre of the struts fiills to the leveU 
d, d,, d„ and so on, respeotivoly, tiie oonditions of equilibrium will be ful&lled. 80 f^om the point 
d, with a radius D A, describe an aro cutting the line gaian, join a d, and from d, with a radiua 
DP, ririke an are cutting odproduced in/, then/ i« a point in the required curve. Similarly/,, 
/„ /„ aud so on, may be ilound. The part of the curve taken for the racers deviates very slightly 
from ft Btraight line. 

Tho moat convenient proportinn to mako the several parts of a, bridge of this description, which 
may vary in.len^lh from 10 to 40 ft., is puihape to i{ive the struts an inclination of 30°; to make 
them hair the weight of the bridge, and to cause their centra of gravity to descend, as the bridge 
is rolled back, twice the space the bridge itself has to ascend. 

Along with simplicity and cheapness of construction this military drawbridge fulfils the fol* 
lowing necessary and important conditions; — 1. The bridge is not greater iu length than the 
opening intended to be spanned : 2. When the bridge spans Ibe opening it is flush with lbs road- 
way ; .t. It does not involve any alteration in the construction of tbe roadway at either side of ihe 
opening ; 4. The force necessary to move it is so slight that any assistance from machinery is in 
most cases unnecessary ; 5. A single action is sufficient to move it : 6. When the bridge is rolled 
beck no part of it is exposed to damage by fire from the flanks ; 7. Where gates are used in cou- 
nectinn with the bridge, it is capable of being rolled in cither direction while they remain closed ; 
B. When the bridge is roUcd in and the gates closed, no ledge is left to weUt an enemr to bridge 
the opening. 



Figi. 2550 to 2558 repieaent an equilibrium drawbridge by 3. 0. Ardn^h, RE., in which no 
ranterpoisea are required ; the dingTam, Fig. 2559, shows now thk eqailibnum of the bridge in 
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audita bum extremity r'y'bMnliTUieuia of flanged wheels oa railBOyy'T, ODrred in such a 
manner that the centra of gravity of the platform A aball more on the borizoatal lino X X', thni 
securing equilibrium in eTery poaitioiL The ourre may be diawn giaphicolly, or calculated from 
the fbUowing equation ; — 



'-^^^{Fm-'^^^m- 



When the centre 
of gi«TitT biaeet* the 
span, and the point of 
euepennion meets the 
outer extremity of the 
bridge when nised, 

<.:i:(c=p):r;:( 
:s:4:3. 

The cmallar dia- 
Klam, Fig. 2560, ihowi 
the mode of applying 



lightnem are adntnta- 
geous. 

Fig. ZSei ihowa an 
ordinary drawbridge 
with a Terr almple 
description of oounter- 
poise, also invented by 
J. O. Ardagh, BB. 
The veighte wbioh 
balaaoe the bridge 
when in a boriionUl 
poaition ar« attached 
to pnllm working on 
slings of chain o: — '~- 
lope which ooL. 

thorn to move i_ 

elliplical curve, and 

Ereeerve the equili- 
rinm of the bridge in 
erery poaition. The 
theoretical curve, 

which is a alnuBoid, 
may be graphically 
described by the con- 
struction shown In dotted lines. Fig. 256lj and the foei ot tbe dUfiMk which meat nurly 
with it, will indkale the punta ot nupaidcio of the sling. 
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!t by theii free aitre- 



0, Di, 0", Dj, moTftblo ronnd the pointo 0, 0', 0,. 0',, reapeotivoly ; whioh ti 
mit; D, D', D„ or D'„ npan a croas-bor T T ; this bar reata at the point I upon a layer H K, mov- 
able round the point H. The eitrcmiU K of tbia lever is united hy a vertlc&t rod K L to ttra 
amaller arm of a balanoe. moTable around the point O. and bearing Dpon its longer arm a sliding 



3 point O. and bearing Dpon its longer arm a sliding 
weight p. The distance O X = x. at which it is nocessory to place the alidinff weight in order to 
retain Ins beam in a horizontal pontion. girre the measure of the weight F of the couTeyance. 

The points O, C, C„ O',, are equidistant from the cioas-bar T ; the same with the points a, b, 
a„ 6i, on which are placed """ ' — '"' "' """ -'-•' — " '-" "— ' "--' — — -" ' 



I placed the 
platform r 
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O D is thai of 1 to n ; if the oroes-bar be lowered to an extent A, each of the points a, 6, a^, &|, will 

be lowered by - ; the platform will then remain horizontal, and will be lowered by - . Let vlb next 

snppoee that the relation H I to H E is that of 1 to n', the point I being lowered by A, the point K 
will be lowered by n' A ; and the same will take place with the point I. Then the point X will 

be elcTated to an extent indicated by n' h sr-s- , oi n'h -, calling / the distance O L. This being 

settled, let us apply to the system the principle of virtual velocities. The effect of &e weight 

P M + — . The virtual velocity of the weight pis ^p,n'h. ^. The tirtuai velocities of the 

reactions of the resting points O, H, 0, CT, 0„ 0'„ are = 0, if we overlook the friction, as it is 
allowable to do when the contact is everywhere maintained by a knife-edge. Besides, the other 
forces which act npon the svstem are mutual forces, equal two and two, and of contrary 
signs, and whose virtual velocities disappear on computing their sum. There will then remain 

' pn'h-r =0, whence P =p,nn', -. 

If, for example, we have n = n' = 10, and p = 1 A, it will result that P = lOOA.f . 
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The drawbrid^ represented in Fig. 2563 is composed of a platform O A, movable around a 
horizontal axis O by means of strong pivots, ttie ooussinets of which are fixed on the side of the 
scarp. Two chains, of which only one, A B, is seen in the fissure, attach the anterior portion of 
the platform to two plyers B 0, movable round a horizontal axis O', united to one another bv cross- 
beams and a St. Andrew's cross, and having at the back part a counterpoise Q, usually of stone. 
The apparatus is so arranged that if we join the points of attachment A and B of the chain to the 
points O and O', we obtam a parallelogram ABO'O. attached at its four angles, and which does 
not cease to be a parallelogram when the position of tne platform is altered, seeing that its opposite 
sides remahi equaL 

Further, if ^ is the centre of gravity of the ^latform^ and / that of the system formed by the 
beams and their counterpoise, the weight Q and its position are disposed in such a manner as that 
by joinin^f g O and g^ O', we have two parallel right lines ; these right lines remain parallel when 
the position of the platform is changed, seeing that they make equal angles with A O and B CK, 
which remain parallel. Finally, the weight P of the platform ana the weight F of the system of 
the beams and their load are so related as that there may be equilibrium in everv position of 
the drawbridge. To this end, let T be the tension of one of the chains, and let a be the angle 
which the two right lines g O and 9' O' make with the horizon in any position whatever of Sie 
apparatus. The platform is a lever of the second kind, subject to the forces T, to the force P, and 
to the reaction R, exercised upon the axis O ; taking tne momenta of these forces in their relation 
to this axis, and putting aside the friction, we dudl then have 2 £Si T = Py O cos. a, the character 
Aft designating the momentum of the force T. The beams form a lever of the first kind, which 
in the same way gives 

2ittT = Fy'0'oos.o, [2] 



Comparing the relations [1] and [2], we obtain 

Pi70 = PY0', whence p=^ 



[3] 



a relation which is independent of the anis^le a, and which will take place in consequence in any 
position whatever of the drawbridge, provided that it takes place in a particular position, for ex- 
am^e, in the position where the platform is horizontal, or where a = 0. 

Either of tne relations jri] or [2] will give the tension T ; it will be sufficient to make a = 0, 
and to replace fik T by T 1, the factor 1 being the perpendicular let fall from the point O, or 

the point O' upon A B. Wo shall thus have 2 T O I s PyO, whenceT = {P ^. 

The reactions upon the axes O and O' will be obtained in the same way as for the lever, that is, 
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by bringing in the forces T and P, or T and P'; composing these two forces by the parallelogram 
of forces, and taking the resultant in a contrary sense. 

It will be observed that if we join g g\ the point G when this right line will meet O O' will be 
the centre of gntvity of the system of the wei^its P and P'. For the triangles ^ O G and g'OQf 
being similar By tmaaa. of tiia pHmJIftliflm of ue zight imes g O and gi 0\ we iiaye 



9j i2. I! 

O'y'^^'O'^P" 



m 




The point O lemaiiis immoTable in evety position of the platfoim, for the aame triangles giro 

m 

In some cases another arrangement, invented by M. Delille, which is founded on a different 
principle, has been adopted. The chains are replaced by straight rods A C, Fig. 2564, which are 
attached to the extremities of the axis of a horizontal cylindrical roller, which is made to move 
upon curves M N. Let ub suppose the weight P of the platform to be resolved into two parallel 
forces ^ P applied, the one at A, the other at O. Let P' be the weight of the roller, and let g be 
the point of application of the resultant of the forces i P and P', or, what amounts to the same, the 
centre of gravity of the system of the weights } P and P'. The curves M N are so described, that 
on moving the drawbridge, the point g describes a horizontal H H' ; it foDows from this that the 
system is an equilibrium in every position. In fact, the virtual velocity of the force | P applied at 
O, and of the reaction exercised en this axis, is zero, since their point of application is not displaced ; 
the virtual velocity of the reaction exercised on the roller by tne curves M N is zero, because that 
reaction being normal to the curves is perpendicular to the elementary line described by its point 
of application. There remains the virtual velocity of the fbrces } P and P' applied, one at A, and 
the other at C, or, which amounts to the same, the velocity of their resultant applied at g. Now 
this resultant is vertical, whilst the elementary line described by the point g is horizontal ; its 
virtual velocity is then constantly zero. Thus the sum of the virtual velocities of all the^ forces 
applied to the system remains nil in any position whatever of the drawbridge, the system is then 
constantly in equilibrium. To trace the carves MN, Figs. 2564, 2565, we commence by deter- 

2664. 





mining the point g for a given position of the platform. Through this point g we draw the hori- 
zontal H H . We then give to the platform any new position O A'; from the point A' as centre 
with a radius eoual to A ^ we describe an arc intersectmg H H' at a point g' ; we join A'g' ; and 
take on this right line a length A' C equal to A 0. The place of the points C' thus obtained is a 
curve of the 4th degree m n, which we might trace by the help of its equation, but which is more 
easily detemdned in the way just stated. This done, from each of the points G as a centre, with 
the radius desired to be given to the roller, we describe a circle : and then draw a curve M N tan- 
gent to all the circles thus described ; this is the curve required. The curves M N are executed in 
iron, and form the lower border of a cavity contrived in the wall of each side of the passage, in 
which rest the extremities of the roller. From the manner in which these curves have been 
obtained, when the cylinder travels upon them, the extremities of its axis describe the curves m n, 
and the point g describes the horizontal U HV 

Another arrangement, contrived by Bolder, has also been employed. The chain which suspends 
the platform passes over a pulley P. Fig. 2565, and is attached by its extremity to a roller C form- 
ing a counterpoise, and tiaversing upon a fixed curve M N. This curve is determined in the 
following manner. Let m be the initial position of the axis of the roller, corresponding to a hori- 
zontal position of the platform ; from the point m a horizontal m A. The platform is next placed 
in some other position, and we measure tne vertical distance G I travelled over by its centre of 
gravity. If P is the weight of the piatform, P G I is the negative velocity of the weight upon the 
platform. Let p be the weight of the roller, and C K the distance from the point C to the hori- 
zontal m A ; p G K will be the positive velocity of the weight upon the roller. Ignoring the frictions 
we should then have for the equilibrium P G I = p G £, whence we can obtain G £, and conse* 
qttentlv the horizontal passing through the poiot G. On the other hand, the length of the chain 
being known, if we cut off from it A D, and trace the developing line described by the extremity G 
when the rest of 4he chain rolls over the pulley, starting from the point D, we shall have a curve 
which should contain the point G. This point will then be determined by the intersection of this 
curve with the horizontal drawn at the aistance G K from m A. We can determine in a similar 
manner as many points as may be required of the curve m n described by the centre of the roller. 
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The carve M N may be deduced from this b^ traeing the line enveloping cirdes described nmnd 
different points of m n as centre with the radius of the roller. 

See Bbidob, p. 791. FoBTmcATiON. VnrruAL Vklocitt. Weiohino Machines. 

DRAWING FRAME. Fb., Etireur ; Geb., Zieh oder Streckmaschine ; Ital., Stiratoio; Sfan^ 
Estirador. 

See Cotton Machinery. 

DREDGING MACHINE. Fb., Oare^mSle ; Dragwur ; Geb., Baggermaachme ; Ital., Cavafangc i 
Span., Draga, 

Dredging is effected in varions ways ; either by drags, or scoops, or rakes, or machines. There 
are two sorts of hand-drags, one for raising mud, the other sand ; the first consists of an iron box 
pierced with holes, open in jfront as well as at the top ; to this is attached a slightly flexible handle 
of a length proportionate to the depth it is to work in. When this is made use of, tiie men in a boat 
make the iron box enter the sand, sustaining the handle on the shoulder, and when it is filled they 
raise it, and if there be anv large stones they are disengaged bv means of hooks ; a man will raise 
in this manner, whero the depth is not more than 4 or 5 ft., a cuoio yard in the cpurse of a day, and 
sometimes more. 

The drag for mud is differently formed : it is an iron drag, to which a canvas bag is attached by 
passing a cord through holes made in the ring purposelv to receive it ; that part of the iron rim 
which is intended to touch the ground and enter the mud must be sufficiently strong : two men in 
a boat or punt are required to manosuvre it, and in the course of a day they will raise 12 to 14 
cub. yds., if the depth does not exceed 6 ft. When a boat is made use of, it is first moored in Ruch 
a manner that it cannot drift ; such a drag allows the water to flow out of it, and ret a ins only the 
solid matter. 

The Louchette, or kind of spade, or a collection of them, i3 used for cutting or extracting turt 
under water without the necessity of first pumping it dry this consists of a light iron frame, which 
is armed all round with a cutting blade, m length about 3 ft. : the part between it and the handle 
is open, being formed of four horizontal rods and two vertical ones ; these receive the turf after it is 
out and detached, and enable the workmen, by means of a rope and windlass, to pull it up. These 
cutting instruments have a variety of forms given to them to adapt them to the peculiar work they 
may have to perform. 

The hox ahotel consists of an open box fixed at the end nf a long handle, usually made of iron , 
the cutter traverses in a groove, and is worked by another handle ; by this I he turf is cut and 
detached, and each successive piece falls into the box : as many as four turfs may be drawn up at 
one time. Dredging machines nave been constructed in various ways, and of iron or wood, accord- 
ing to the naturo of the service. Some machines have been arranged so that the system of chain 
and buckets should work through a channel in the middle of the vessel ; others with one system 
on each side, and others with the buckets working over the extremity of the vessel. But in general 
the modem practice is to place the machinery towards the extremity of the vessel, to allow of the 
working of tne ladder (which holds the buckets) freely on either side of the vessel. By this 
arrangement barges can be laid along both sides of the vessel, and the material raised by the 
knachine be taken away easily. Perhaps the most popular form of machine for dredging pur- 
poses is the spoon dredger ; however, we shall confine ourselves to the chain-and-bucket dredging 
machines. 

The best-adapted boilers and engines fbr dredging purposes are those upon the marine principle, 
as in them compactness and stability are combined, and for which reasons those of that description 
are generally applied ; in practice it is found disadvantageous to the profitable working of the 
machine if tiie engine be not of a proportionate power to the depth of water, the buckets of a suit- 
able number, and the buoket-firame of sn£9cient length to lie at a proper angle. Hence the follow- 
ing arranged proportions are annexed as the bert adapted for working at or about the various 
specified deptlLB from which the material is to be raised. 



Nominal 

Hone-power 

of Engine. 



Length of 

Backet-flrame 

in feet 



Nomler of 
Bocketa 



Depth of 
Water in feet 



21 
28 
32 



60 
70 
80 



35 
38 
46 



19 
22 
27 



The boat or support requires little or no peculiarity of form otherwise than that of proper sta- 
bility ; it must be strong and well put together, or a constant tremulous motion is created by the 
action of the machinery, and the proper effect of the machine fn a measure destroyed. The boat 
must also be of a magnitude sufficient for the receiving of the machineiy, with a proper clearance 
for the buckets, acooMing to the depth of water and dmerent positions in which, on that account, 
they are so f^uentlyiequired. Tn constructing the Thalie aud Grison viaduct on the Paris and 
Lyons BaUway, a bog or morass prevented the dredge-boats from entering ; the engineers had the 
dredging apparatus removed from the boat and placed on a movable platform, shown in Figs. 2566 
to 2568. The foundations having to be laid in an oozy or a mirv soil, the part to be operated upon 
was enclosed on both sides by double rows of planks and ^iles, shown in Fig. 2568. 

Fig. 2566 is a longitudinal section of this movable carriage-dredge when mounted and in work- 
ing order; Fig. 2567 a plan; and Fig. 2568 a view of the end upon which thd steam engine is 
placed. This dredging machine considts of a chain with buckets a, of which the axis of rotation 
u mounted upon two parallel trestles o, fiistened together upon two strong sleepers B, connected at 
each end by a series of transverse beams ci, which oonstltnte the rolling platform of the machine. 
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Upon two ol tbe«e tnmsTene beams d a smsll Bteam-engine of the loeomotive olua is firmlr fixed, 
nhioh movea the diedga. The platbmn B is moved apon four bqibU vheela i, the aies of vhich 
»re made fMt to the tnoBTeree pieoea d ; the whole machiDe mores upon two attoDg bevelled 
Bleepen A, placed aoroaa the {vincipal platTonn, which moves upon six wheels /, secured by tha 
beam* j, &o that the maehiiw can be nadily moved Mnws the plaUnm, and nie platfoim and 




maohine at aoy lima can be rolled alone two wooden rails g, made fast to the piles and nraninr 
the whole length of the enclomire. The buckets N empty themselves npon a tia^ O, Pi);. 2566, of 
which the iudination may lie regnlated at will ; this tray deposits the material m a wheelbarrow 
or hand-car^ The chain of the buckets presents nothing peonliar ; it is similar to that of an ordi- 
nary dredging machine. ~ The inclination of the chain and bucket-frame is regnlntod by means of 
a winch m, fixed at the extremity of the frame B, This dredge is simple in eonjtruction and 
effeotive in operation ; in the instance referred to it raised material trom a depth of 26 ft. Tha 



are at nork. It is djagoiutlly Inseed to stiffen It vben 

at woik in deep water and a Tmigh sea. In ordinuj 
norkiog foorteea bnokota are discbarged a miaute into 
tbo bo^ea mooted on either side of (ue diedger. The 
houting barrel, with ita chaio-blocka and oonneoticnu 
for rauing and lowering the ladder, weighs 15 tons, and 
the hand'leTers are oonvenientty arranged for one man 
to work. The various motiona for mOTing the vessel 
ahead, astern, and athwartabip ore ptoTided with diilet- 
ent speeds, and sre driven bj friction gearing. 

The main gearing for working the buckets is also 
worked by a large bevel-wheel placed in the engine- 
room, and fitted with an adjostable friction centre, so aa 
to prevent accidents in case of an exoessive strain being 
thrown on the buckets. The upper tumbler ia four- 
eiJed, and is provided with steel bars firmly fiiad. The 
bucket backs are also of steel. The lower tumbler is 
flvo-sided, and has the end flangw farmed lo as to guide 
the buckets aud prevent them from overriding when 
side dredging is beins performed. The flanges ^ao pre- 
vent the large boulders from getting on the tnmbler 
bovs. A four-aided lower tumbler fitted with side cut- 
ting knives and Q-pieoes to catch between the links has 



itself BO well of the boulders. 

A powerful bow crab winoh ia fixed on deok for keep- 
ing the vessel up to the cutting faoe, and a similar cra6 
is fixed at the stem. The engine-room is sitpplied with 
the necessary indicators, gauges, counter, and telegraph 
from captain to engineer. 

As the dredger liaa stonny weather to contend with, 
her machinery is deaigned so that a great portion of its 
weight is placed as low in the vessel as possible, «o a« to 
balance the upper parts and stiflen her. Independent 
donkey-engines drive the bow and stern crabs, Euid vrork 
bilge-pumps in conoeotion with the various compartmentB 
of the veaael in «ae of a leakage. The cabin for crew 
is oomfortablj filled with Bleeping berths, lockers, and so 
on, for each man, a separate cabin being provided for the 
master and engineer. 

The operation which the dredger has to eaitj oat, 
namely, cutting Carl ingford bar, is rather a formidable 
undertaking. The work has to be done in on exposed 
situation, the bar being in the open sea, in the British 
Channel, and the water Is seldom amootli, whilst the 
tide runs with considerable force. 

The Iwr consists princi^wlly of stiff blue day, inter- 
raited wilb a large proportion of boulder stones, many 
of them maoh larger than the buckets. These boulders 
are poshed forward by the lower tumbler, forming a 
mound in front of the cut, and occasionally some of these 
large stonea are brongbt up between the bnckets, resting 
on the links of the bucket-chain, when they are lifted 
out by the crane on deck. It is intended that the large 
boulders should be raised b; divers, such stones being 
much too large for the buckets to lift, al(houj;h each 
bucket has a capacity of 9 cub. ft. 



DREDGINa MACHINE. 1396 

One Bteam-ttopper barge of 200 tona burthao, and two hopper iMTgea irithont power, e«oh of 
120 tons imrthen, atteod the maobine to remove the dredged material and drop it in deep uttta. 
The larger barge can be Slled in lees than an hour under ordinary cireunutauceB. 



OwiDS to the unusuall; exposed position of the work, 
the moonogs to hold the dredger when in action have 
to be Ten itrong and heair. They consist of powerfnl 
head and stem and four ride anchors, all firmly seonred. 
When the sea gets so rough aa to drag tbe anrhors and 

Crevcntdrcdii^ng. the propellers are connectod, tbo moor- 
igs let go (with buo^s attached), and the dredger steama 
to a iheltered part of tho tough until tbe weather mo- 
dcralca, and then the machine can a^in steam to the 
baTjpick up her moorings, and r»>ommenoe operation s. 

The channel to be cut through the bar is about h mile 
in length by 600 ft. wide, and it is to be deepened from 
6 ft. to 21 ft. at low water. Owing '- "■ — ' '-" 



e and fall 



Barton, of Dnndalli, and B. Hiekeon, the rt 
gioeer. 

We illnrtrate, by Figs. 2572 to 2575, an arrangement ^__ 

of dredge, designed and oonstructed by Morris and ^^-^ 

Cummings. of New York, and which has been used with 

ronsiderable sn«»Ba for dredging between tbe slips or jcttieii on the Hudson rirer. In this machine 
tbe dredging is not petfonnea by » cbsio of buckets, bat b; a singlo bucket, of somewhat peculiar 
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oonstractlon. The backet oonfiiBts, as will be seen by the engravings, of two parts hinged together, 
ant] provided with an arrangement by which they can be opened or closed. The two parts of the 
bucket are hinged at their upper inner comers, and from their outer sides tie-rods, or links, extend 
to a cross-bar, tiie ends of which work in guides, as shown. When this cross-bar is raised in the 
guides, the two parts of the bucket are caused to open from each other, whilst, when it is caused 
to descend, the two halves are forced together, and caused to securely hold any materials contained 
within them. The raising or lowering of the cross-bar in its guides is effectea by two chains, both 
of which pass up over the pulleys at the end of the crane-jib and down to the hoisting machiuery, 
each chain being led to an independent barrel. One of these chains is attached directly to the 
cross-bar above mentioned, whilst the other before being connected to that bar is led round a 
pulley placed beneath it. ^ 

Whilst the bucket is being lowered, it is suspended by the first-mentioned chain, and the cross- 
bar is raised in its |^ides, and the two parts of the bucket kept apart. As soon as it reaches the 
bottom the strain is brought upon the other chain, and the cross-bar is thus hauled down in its 
guides, and the parts of the bucket closed before the laiter is raised towards the surface. The 
hoisting machinery Consists of a pair of horizontal engines, which by means of a friction clutch can 
be made to drive either chain-drum at pleasure. The bucket is guided during its descent by a 
pair of wooden poles attached to the guiaes of the cross-bar, these poles working through eyes fixed 
near the top of the crane-jib, as shown in the figures. After the bucket has l^en raised the jib is 
swung on one side, so that the contents of the bucket may be discharged into lighters or any other 
receptacle for the dredged materiaL The swing of the jio is regulated by a bar, which catches on 
one or the other of a set of stops arranged at the head of the dredger, as shown in Fig. 2573. 

The engravings, Figs. 2576 to 2581, illustrate a system of transporting earth from dredgers by 
the employment of a stream of water, produced by means of a centrifugal pump, which has been in 
successful action for upwards of twelve months at the works of the Grand Canal at Amsterdam, in 
conjunction with ordinary dredgers. The inventor of this machine we do not know. It is carefully 
kept out of view, as in similar numerous cases, who invented this machine ; this trick is common 
in many places, where the unfair sentence, " It is he who carries out an invention who deserves 
praise, not the original inventor," passes current. 

Figs. 2576 to 2579 represent different views of one arrangement of the pumping machinery and 
pipes, whilst Figs. 2580, 2581, show the apparatus as actually appliea to the dredgers above 
mentioned. Fig. 2576 is a vertical section, and Fig. 2577 a plan of the machinery, a a being a 
cylinder fixed to the side of the dredger so as to receive the earth or material it is deseed to 
convey, and 6 being the pump-case fixed at its lower end. This pump-case should be just below 
the level of the water from which the pump takes its supply through the water-supplv passage c, 
which is adapted to an opening in the bottom of the pump-case, and is fitted with a valve d. This 
valve can be opened and closed by the lever <0y and handle d* ; is a bndge-pieoe fixed to the 
pump-casing and passing through the passage c, to carry the step or lower bearing of the pump- 
axis /, whidi has also an upper bearing at the top of the cylinder a ; and gg are bevelled wheels 
by means of which the axis / is driven. The pump-blades V' are fixed on the axis /; and a^ is an 
opening in the cylinder a, by which the earth or material is supplied to it by the dredger. This 
opening should be 6 ft. or more above the bottom of the cylinder. A conical valve or cover h is 
provided to regulate the passage of the earth or material from the cylinder through the opening in 
the top of the pump-case; and this valve has two rods h^ h^ fixed to it, and which pass through 
guides • I to a forked lever h to which they are jointed. The lever h extends out through the side 
of the cy Under, and is jointed to a rod /, which at its lower end is forked and holds a screw-nut m. 
This nut works on a screw, the stem of which is carried in a bearing, and has the bevelled pinion 
n upon it gearing with another similar pinion on the axis of the hand-wheel n\ so that by turning 
this wheel the valve h can be raised and lowered ; the valve is guided by the fixed guide-rods hK 
There is a tangental opening in the pump-case 6, which receives a casting 0, to which the pipes for 
conveying awav the water and material are connected. 

A plan of the arrangement of pipes is shown on a smaller scale by Fig. 2578. In this figure p 
is a wooden pipe made with staves like a cask, and bound together bv hoops ; it is connected with 
the casting by a leather connecting tube </, which is clipped on to the casting and on to the pipe 
by metal hoops drawn together by screws. At the other end of the pipe p, another leather tube r 
of some len^h is placed, this tube forming a flexible joint, connecting it vrith the wooden pipe s. 
The tube r is kept in form by a coil of thin fiat iron riveted to the leather. By similar flexible 
joint tubes the pipe 8 is connected with the succeeding pipes of the serie& t, u, and vvv, which 
series is continued to the shore where the material is to be deposited. Each of the pipes of this 
series is formed with fioating pieces at its sides, as shown In section, Fig. 2579, to sustain it in the 
water. The three tubes, 5, t, and u, are combined together to make them more readily manageable 
in such a manner that although the ends of the coupled pipe can be moved to and from each other, 
movement is restrained by booms ww^te^. The centre and larger boom w^ is pin-jointed at the 
centre to a fioat or saddle-piece at the centre of the pi^e t, and the outer ends of this boom are pin- 
jointed to the booms w and tc*, the centre pins of the joints being fixed upon the fioats x x. The 
other ends of the booms w and to' are jointed at the junction of the pipes p 8 and u v respectively. 
It will be seen that at each of these junctions, and wherever the fiexiole leather joint tubes are left 
fVee to bend, the strain is taken off the fiexible tubes bv means of planks y y fixed on each pipe- 
fioat over the pipe, and pin-jointed together at their ends. When tne position of the apparatus is 
such that the material does not require to be conveyed over water, there may be substituted for 
this fiexible system of fioating pipes any ordinary arrangement of tubing. 

Figs. 2580, 2581, represent tne apparatus as used in Holland. In this case it will be seen that a 
pump is bolted to the side of the dredger, and driven at the rate of 230 revolutions a minute by 
the same engine, by means of the bevel-gearing shown on the top. The pump, which is 3 ft. 6 in. 
in diameter, is fixed with the top on a level with the surface of the water, and is furnished with 
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MAIN SNAPT 
mOM SNCINB 



liamelei 



two Inleta pTot«ot«d bj 
valTM, the one on the 
bottom for the tdmiasuin 
of water, and the nthei oa 
the top for regulating the 
entrj of the material to 
be iranspoTted. On the 
top of the pump ia placed 
a cylinder or reservoir, to 
receive^ bj mean* of e. 
■hoot, the (tofT dredged 
up. 

The dttdger la oon- 
neoted with the shore by 
meana of voodea pipes, 
fitted with baoying 
pieces to enable them to 
float, and connected by 
leather joints, thoae im- 
mediately following the 
dredger being arranged 
on the lazy-toDga prin- 
ciple, to admit of its free 
movement in any diteo- 
tion. The leathern Joint 
pipe* fot this portion are 
about 1 ft. 8 in. long, 
■trengtbened and com- 
pellea to assume a r^u- 
lar ODrre by iioQ spirals 
riveted to their outiidM ; 
but the joints for the In- 
termediate pipes are only 
about 18 in. long, just 
enough to allow of a firm 
connection lieing made 
by iron hoopa tigl ' 
by screws. The du 
of the pipes is IS i . 

The action is as fol- 
low* ; — By the revolution 
of the flyer A a rapid ^ 
atream of watei is main- ^ 
tained through the pipe^ 
into which Uie dredgea 
stnff is admitted through 



rapidly mixed and c 
ried to the delivery at the 
opposite end of the pipesj 
where the heavier mate- 
rials deposit tbemselToa 
In acarlj level beda. An 
anangemant might also 
be made 1^ causing the 
pipea to dinbarg« into 
an endoaed area and 
running the water from 
the topt by whioh means 
any reqnued thiolcDesa 
oonld be deposited. 

DBILL. r^Iirti; 
On., Bokrtr; Itai^ Tra- 
pano; Span,, Taladro. 

A. drUl la, strictly 
■peaking, a boring tool 
that outs vrllh its be- 
Telled end by revolving. 

See AuGiB, Bou>a 
Axn BiuUTiKO, Hand- 
Tools. Haohihc Tools. 

T\t Diammtd Sock- 
Boring Uachint. — This 
machlae, Figs. ESS2, 
2583, oonmsU of the fol- 
lowing parts, nwnol J ; — 

The driving engine 
or motor, A ; the lioriioD- 
tal girder or traiuom, B ; 
the tvo vertical atau- 
dards, C, C ; and the six 
drills, 1>, D, D, D, D, D, 
three on each alandatd. 
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The machine of which we neak was oonatracted hy Appleby, Bioa. 

The motor ia an engine of the ordinary description, wlucn ia worked by eompreaaed air supplied 
throngh tubing ; but, direct-acting water-pressure enginea might equally well be used if found 
convenient. 

The power is transmitted from the motor to the horizontal shaft by the oblique shaft E, which 
ia driven by bevel-gearing from the crank-shaft of motor at one end, and drives the transom-shaft 
at the other end. This oblique shaft is provided with universal couplings F, F, which allow for 
any inequalities in the bottom of the tunnel or heading. The horizontal tranaom-shaft drives two 
vertical shafts, one in each standard, by bevel-gearing, and these vertical shafts in tiieir turn drive 
the drills or borers tlirough short horizontal ismfts in the movable saddles to which the drills are 
fixed. 

The drill consists of a strong cast-iron frame provided with suitable bearings, and in these 
bearings revolve the driving spindle on one centre, and the drill-bar on the other. On the driving 
spindle of drill are two sm^ spur-wheels which are thrown in and out of gear by clutches ; these 
spur-wheels gear into two corresponding wheels on the drill-bar, one of which drives the bar and 
tne other the nut which gives, by means of a differential speed, the necessary feed or forward motion 
to the bar. This feed is set to advance at a certain fixed rate for a given pressure on the drill, 
when, owing to any irregularity in the hardness of the rock this pressure is au|;mented, the feed iB 
automaticallv, either partiallv or entirely, thrown out of gear, the full speed bemg resumed as soon 
as softer rocx is touched. The pressure can be regulated from 1 lb. up to 1000 lbs., which is the 
pressure required for cutting pure quartz. Each drill can be thrown out of gear independently of 
the other ones. 

The ctown which actually cuts the rock, consists of a hollow cylinder of steel, in the front end 
of which the carbonates, emmeouslj/ called hlaok diamonds, are set in such a manner that they project 
both on the inside and outside of the crown, so that as it cuts its way into the rook it leaves good 
clearance for the driU-bar, which is also made hollow and of such a diameter internally that the 
core or solid cylinder of rock which is left by the crown can pass freely along the entire length of 
the bar. 

A supply of water under slight pressure is kept constantly flowing along the inside of the drill- 
bar, and thence to the carbonates, where it serves the double purpose of keeping them cool and 
washing away the fine particles of rock produced by the cut. 

Eight carDonatea are set in each crown, four on the inside and four on the outside, and the 
wear of these carbonates is found in practice to be insignificant compared with the amount of work 
they do. At Croesor in Wales, where the machine is at work, crowns have out upwards of a ^ mile 
of hole, in hard bustard slate, and after this the stones have retained much of tiieir original value. 

The machine illustrated by Figs. 2582, 2588, is designed to bore holes 19 in. diameter x 8 ft. long. 

7%e method of working is as follows ; — The machine having been brought into position near face 
of rock, and there firmly fixed by means of jack-screws at top of atandwds, the miners proceed to 
drill the holes in the rock, as shown in Fig. 2582, after which the machine is run back as far as 
necessary on the tramway, and the holes are charged with gun-cotton or other explosive material 
and then fired. The centre part of the rock in the ahape of a V ^ A'Bt brought away, and 4hen 
the two sides by means of holes drilled straight in and near the extreme sides of tunnel. The 
holes bored are found to be perfectly cylinc&ical for their entire length, which is a very great 
advantage for blasting, as the carhidge containing the explosive mat&al can be made the exact 
size of the hole, and the maximum result is thus obtained from the force of the explosion. 

DRUM. Fb., Tambour; Gkb., Trommel; Ital., Tannburo ; Span., TanAor. 

A drum is a short cylinder revolving on an axis, generally for the purpose of turning several 
small wheels, by means of straps passing around its periphery ; called also pulley, and rigger, when 
very short in the direction of tne axis, ao as to have the form of a disc. 

dBY-BOT. Fb., Pourriture niche; Geb., Stockung ; Trookenfctule ; Ital., Tarh 99000; Spak., 
Carcoma, 

See Ktaniziko. 

DUCT-WHEELS. Fb., Bouee a couloirs ; Geb., PUtrirfvder, 

See TuBBD iE Watbb-whxblb. 

DUSTEB. Fb., Machine a nettoyer les chiffons; GxB., Lun^f)enreinigwng9 MascMne; Ital., 
Macchina da batter straoci ; SPAN., Md^ina para limpiar trapo, * 

See Papeb Haohimxbt. 

DYKE. FtL, Digue; QwR^Damm; Deich; Ital.. Diga, Argine; Span., Maleoon. 

A mound thrown up to prevent low lands from bemg inundated by the sea or a river is caUed a 
dihSjOt dyke . See Damxino. 

DYNAMITE. Fb., Dynamite ; Geb., Dynamite ; Ital., Dinamite ; Span., Dinamita, 

See BoBiNQ and Blasting, p. 582. 

DYKAMOMETEB. Fb., DynamomHre; Gbb., Kraftmesser; Ital., Dinamometro; Span., 
Dinamifmetro, 

The dynamometer, from the Greek ^dynamis^ force, and ^metHn^ measure, is an instrument 
for measuring forces, and, by extension, the work which they produce. 

There are various kinds of dvnamometers. but all rest upon the same principle. The chief part 
consist of a spring, the fiexion of which may oe measured ; every force which, when applied to the 
instrument, produces the same fiexion as a weight of n kilogrammes is said to be a force of n kilo- 
grammes. Upon this principle the instrument is graduated. 

The simplest form of the dynamometer is the common weighing instrument represented in 
Fig. 2584. It consists of a spring A O B with two arms. At one end of the arm B O a metal 
circular are is fixed, passing tnrough the arm O A, and provided at its extremity with the ring E, 
to which a weight may be suspended, or any other force ; a muscular efibrt. for instance, may be 
applied. At the end of the arm O A a second circular arc is fixed, capable of sliding over the first 
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2684. 



and passing throngh the ann OB; ttia azo terminates at D in a ring which serves to hold the 
instrument by or to suspend it to a fixed point. This seoond aro is also graduated from the extre- 
mity D down to the point t where there is a kind of notch or projection, the use of which is to 
prevent a firaotnre of the spring when too great a force is applied. Suppose now the instrument 
suspended by the ring D to a fixed point, and a weight of 1 Jdlogntmme attached to the ring E; 
the two anns of the spring will approach each other, 
the aro I) < will pass Iwyond the arm O B by a certain 
quantity, and on this aro the point may oe marked 
at which the arm O B stops. This operation con- 
tinued with weights of 2, 8, and so on,, kilogrammes, 
will finally complete the graduation of the instrument. 
To obtain fractions of a kilogramme, divide each 
interval into ten equal parts ; this will give an ap- 
proximation sufQciently near for ordinary purposes. 

If^ again, having removed the weight, we appl;^ a 
force at E and the arm O B stops at the same point 
in the aro I) i as when a weight of n kilogrammes 
was suspended from the ring E, we conclude that 
the force in question is equi^ent to n kilogrammes. 
Thus, to measure a force in kilogrammes, we have 
only to apply it at E, and the numoer marked by the 
descending arm of the spring will be the value of 
the force. 

There are other kinds of weighing instruments in 
which the spring is spiral, as in Fig. 2585. This 
spring is contained in a cylindrical metal box, to the 
upper part of which it is fixed in the point d; its 
lower end being connected with a disc A to which is 
attached a rod that passes through the spring along 
its axis and out through an orifice in the top of the 
box. The end of this rod is provided with a ring B 
by which it may be held or suspended on a fixed 
point In this case the weight, or force of anv kind, 
IS applied to a hook fixed to the bottom of the box. 
Under the action of tiiis force, the spiral spring is 
compressed in a vertical direction and the rod issues 
from the box. The quantity of the rod outside the 
box is the measure of the force. The mode of gradu- 
ating this instrument is the same as in the former 
x»se. 

The instruments we have desoribed are suffi- 
ciently exact for the purpose of trade to which they 
are applied. But to measure accurately forces 
greater than 100 kilogrammes, a more preoue appa- 
ratus is used. This apparatus, which is known as 
Begnier's dynamomeUr, consists essentially of a spring 
A B, Fig. 2586, of two arms or branches joined at 
the ends. The middle G of one of the arms is fixed, 
and the force to be measured is applied to the middle 
D of the other arm, in the plane of the spring, and 
according to the line which would join the pomts 
and D. The quantity by which the two arms recede 
f^m each other is indicated by the index O x, the 
point of which moves in a circular arc The giadu- 
ation of this aro is effected by placing the instrument 
in a vertical position, and then applying weights to 
the point B. It will be seen that the ins^ument 
has two graduated scales; one refers to the case we have supposed when the point C is fixed by 
means of a hand-screw placed in this point and the force is applied to the point D ; the other refers 
to the ease when the point A is fixed and the force applied to the point B. In this latter case the 
force is measured by the receding a the points A ana B, which implies the approach of the points 
G and D ; and this approach is marked bv a second point y of the mdex, whicn moves in a seoond 
circular aro ooncentnc with the first. When the points G and D approach each other, a rod fixed 
to the point D turns a crooked lever to which it is jointed in • ; and the long arm of this lever 
moves the index in the direction of the lower arrow ; but when the points G and D recede from 
each other, the lever turns in the opposite direction, and the index restmg by its weight against the 
lever, moves in the direction of the upper arrow. The second mode of employing the instrument, 
by fixing the point A and applying the force at B, serves to measure oonsiaerable forces, the mua- 
oular force of a horse, toi example. 

Ponoelet is the inventor of a much more simple dynamometer, which was made use of by Morin 
in his researches in oonnection with the subject of raction. It consists, as shown in Fig. 2587, of 
two equal and parallel strips of steel A B, A' B', jointed at their extremities. The middle I of one 
of these is flxea and the force applied to a hook G placed for this purpose on the other. The force 
is measured bv the quantity bv which the middles recede from each other, this quantity being 
indicated by the strips themselves on a divided rule fixed upon one of them. The advantage of 
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state, is ptopoiiioiul to the foiDa that cawet it ; aa 



is: 




priinitivG dialance ooxTesponding to the Datnral 
that knovinj; Ihia exoeai for a determiaate foioe, b; 
tneaBuriDK tbe divtanoe eorreBponding to a given force 
we may dedooe the meaaDre of it b; a simple piopor- 
lion. If the forces to be measured are great, the 
iMtabolia rorrn may be given to the springB, an gbovm 
in Fig. 2S8S. The flesiona obt&ined are in this cue, 
the donbia of those which would he obtained with 
■pringa offering tbe nine reairtaiKH, bat having a 
nnifoim Ihiokneia, a (act which increaoea the precision 
et the initnunent. It waa tbnnd &om eiperimenta 
made br Horin that the fleiiona mnain proportional 
to the forcca exerted so Iodk et these flexions do not 
exceed ^ of the length of tae epringa, leokoned &om 
thejoinU 

Djcamometera are emplored also to meunre tbe 
work done by these foroea : the; are then called style 
or tell-tale dynamnmeters, acoardiug to the principle 
of their oonatmction, and thoy are Brrungea in two 
different ways, aooording as the motioD to which 
the; are applied is one of translatioo or of rotation, 
■Dchj for example, as the motion of a carrigige or of 
tbe driTing axle of an engine. We will flist oonaider 
ft motion ^translation, in whioh oaM the inattument 
Ii called a tractun djpmnoamUr. 

Two eqiial spriiiga A A', B B', Fig. 2589, of abont 
O^'SS in length, ievel on their Inner surface, and 
parabollo on ueir enter inrface, are jointed together 
at their ends and held in the middle b; two 
catchee. The catch of the spring A A' is fixed 
to the vehicle on which the experiment is to be 
made, and the other on B B' is provided with 
a ring a a' to whioh the motive power is ap- 
plied. The part in the flgnre marked ii' is 
intended to prevent injur; to the springs from 
overstraining; it i« connected witn a similar 
piece on the other side of the springs b; the 
Dolta t^, •gainst whioh tbe front spring 
•trikea. 

To tbe fiwnt oatob is fixed a pendl, and 
below the pencil a roll of paper lb arranged 

whioh moves with a motion proportional to that of the vehlole, but in a perpendicular direction. To 
obtain this motion, an endless band la passed over the Dave of one of the front wheels, and the band 
made to tnm a amall pulley-wheel, to the axle of which an endless screw is attached : by this means 
the little cylinder c is made to revolve. A oord passing round this cylinder transmits the motion 
to a oonical drum /, upon the axle of which the cylinder^ ie fixed; this cylinder receives the paper, 
which Is Qist rolled ronnd the cylinder A. The paper is held in contact with the pencil by the two 
intermediate cylinders i and i*. A nanb handle m serree to roll the paper npon the cylinder A. 
The use of the conical drum / will be obvious. If tbe motion of the vehiole were transmitted 
directly 'from the little cylinder e to tbe receiving cylinder g, ea the paper which is rolled on it 
gradually increaees its diameter, the motion of the vehicle remaining uniform, that of the paper 
woOld be accelerated. This inoonvenienoe is avoided by interposing the dmm /, wljose diameten 
are so calcnlated that its rotary motion is retarded as the paper is rolled npon 3, and oonseqaently 
the motion of the paper remains nniform. 

A second pencil, fixed to one of the guard-pieces lb', traces upon the paper a straight line, 
which serves as a term of oomparieon in compating the distance of the springs apart, marked by 
the curve which the pencil affixed to the front catch traces. The fixed pencil is arranged so that 
tbe straight line trnced by it nay correspond with the natural xtatc of the springs, that is, to no 
effort on the part of the motor. It follows fVom this that the ordinntes of the curve, leokoned from 
this stnight line, are proportional to the forces exerted ; besides this, the abscissae parallel to this 
straight fine, or the tracks deseribed by the paper, are proportional to the roads passed over b; tbe 
vehide ; consequently, the work cfi*ected by the motor is propoitioual to ttie are* of the curve traced 
by the moving penoll, and comprised between this onrvo and the right line traced by the flxed 

This area may be computed by the ordtnary metltods of quadrature, or bv means of a flantmeter. 
Bnt Horin has pointed out a much simpler method. The ^per used for Itiii purpose is maohine 
made, and of great homogeneity; we may, thererMe, admit that its weight is proportional to its 
superficial extrait Henoe, if we out the paper along the curve and the streiglit line, and weigh 
the band tbns obtained, knowing the weight of a superficies of the same paper, the whole rectan- 
gnlar band, for instance, whose dimensions are known, we ma; deduce tbe area b; a simple pro- 

We know to what force a given distanoe between the springs, or any ordinate of the onrve, oor- 
fesponda. We know alsc^ ftam the transmission of the motion, the distance or track desuribed by 
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the paper which the vehicle is advancing by a given quantity, 1 m^tre, for example ; we, therefore, 
easily deduce from the area found the number of kllogrammetres representing the work effected. 
Let \ be the distance between the springs, produced by a force of 1 kiJogranune, and y the distance 

produced by a force F ; we shall have F : 1* = y : A, whence F = ^, in Irilogranmies. 

Let c be the track described by the band of paper for 1 m^tre of distance traversed by the 
vehicle, and x the track described by the paper for a distance of e m^res ; we shall have 

dx 



c = e 



whence = -, and de = 



Now the work T, effected by the force F, is expressed by 

T=/Vde, orT=/? .tl^Lfydxi 



but the area of A of the curve traced by the moving pencil is expressed by A =fy dx between the 

same limits. We get, therefore, T = — , and this value will be expressed in kilogrammiHres. 

Suppose, for example, that the area found is 0*75 square metres. Let \ = 0*000125, and € =: 

O^-OIS; we conclude T = ^ r^^i ^ — ttk^ = 333333 kilogiamm^ties. 

0*000125 X 0-018 ® 

With bands of paper 16 or 18 metres in length, the experiment may be continued over a distance 
of more than a kUom^tre. 

When it is required to continue the experiment over a greater length of road, this kind of 
dynamometer is not sufficient, and the tell-tale dynamometer is substituted for it. On the hinder 
catch is fixed a vertical rotating axis having on its lower end a puU^y-wheel which receives the 
motion of one of the ftoni wheels by means of an endless cord. On the same axis is fixed a hori- 
zontal solid wheel which revolves with the pulley-wheel. To tiie front catch is affixed a horizontal 
rotating axis, bearing at its extremity a small wheel, the circumference of which is in contact with 
the horizontal solid wheel, and which, consequently, receives the motion of the latter — a motion 
which becomes more rapid as the small wheel recedes from the centre of the other, and which, there- 
fore, is proportional to the force that separates the springs, since the small wheel coincides with the 
centre when at rest. The number of revolutions made by the small wheel in a given short time is, 
therefore, proportional, on the one hand, to the rotary speed of the solid wheel, and consequently 
to the elementary track or distance described by the vehicle, and, on the other hand, to the force 
exerted upon the dynamometer. It is thus proportional to the product of these two magnitudes, 
that is, to the elementary work effected by the force. The total number of revolutions made by 
the small wheel during the experiment represents, therefore, the sum of the elementary work of 
the force, that is, the totel wort of this force. To facilitate the counting of the number of revolu- 
tions, an endless screw is arranged on the axle of the small wheel, which screw transmits its motion 
to indices moving on divided limbs, and marking upon one the revolutions and tens of revolutimiB, 
and on the other the himdreds an4 thousands. 

In making experiments in towing vessels, when the band of paper cannot be put in motion by 
the vehicle itself, an arrangement of clockwork is employed, wMcn 
gives it a sensibly uniform motion. 2590. 

The curve traced by the pencil does not in this case give the 
work of the force, but its impuise, or/Fdt; and, by dividing it by 
the total duration of the experiment, we obtain the mean value of 
the force exerted. 

If it be required, in this case, to compute the work, it may be 
accomplished by placing marks along tne shore, and making a 
stroke on the naper every time the vessel passes one of these manoi. 
The strokes tnus made divide the curve into portions, the mean 
value of the force of each of which may be computed. Multiplying 
this by the distance between the two corresponding marks, we 
obtain an approximative value of the work wmch applies to the 
interval between these marks. The same process is continued for Aj 
the other intervals, and the sum of the work so found is the total 
amount of work; but this method gives only a rough approxima- 
tion. 

Let us now suppose the case of determining the value of work 
in a rotary motion, in which case the dynamometer is called a rota- 
tion dynamometer. The motion is transmitted by means of a belt 
to an auxiliary axle A A', upon which is fixed by slight friction a 
wheel B of about 0'"*89 in diameter. Fig. 2590, intended to trans- 
mit, bv means of a second belt, the motion of the auxiliary axle to 
the otner parts of the machine, and to overcome the redsitances to 
which it is subject. The axle A A' cannot carry round the wheel B, 
because it is not solid with it ; but a spring, the end c of which 
is shown in the figure, is fixed into this axle in the direction of a radius; and in the motion 
of A A' its end comes in contact with a piece D D', fixed to the wheel, and carries the latter round 
after having undergone a fiexion proportional to the foree to be transmitted. 

Upon the axle A A' is fixed a framework, one side, £ E', of which is shown in the fig^ro ; this 
framework, which moves with the axle, carries a system of cylinders analogous to that we described 
when speaking of the translation dynamometer, and which puts in motion a strip of paper pieesed 
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npon by a pendl p fixed to the wheel. The paper reoeiyea a motion proportional to that of the 
axle in the following manner. This axle is embraced b^ a collar F F', wnich may be made, fixed 
in space ; this collar forms a conical wheel which gears into a conical pinion partly shown in the 
fieure ; the axis of this pinion is adapted to the axle A A', and is provided with an endless screw 
which gears into a cylindrical pinion fixed npon the axle of the little cylinder a. Upon this cylm- 
der is wound the thread which turns the conical drum b ; npon the axle of this dram is fixed a 
cylinder around which is wound the band of paper, unwound firom the cylinder c by passing oyer 
the cylinder d. It will be seen that the conical pinion being carried round with the axle A A', and 
the collar F F' being fixed in space, the pinion is forced to assume a rotary motion about its own 
axis, and it communicates this motion to the band of paper. If the pencil p were solid with the 
axle A A', it would trace upon this band a straight line, which, according to the arrangement 
adopted, would be t^e middle of the rectangle it forms ; but as the pencil is fixed to the wheel, 
and consequently follows the fiexion of the spring, it traces a curye, the ordinates of which, with 
reference to this middle line, represent the fiexions of the spring, that is, the forces transmitted; 
whilst the abflcissao, reckoned according to this same middle line, that is, the distances run through 
by the band of paper, represent the distances described by the point of application of this force. 
The work effected is, therefore, again represented by the area of the curye traced upon the paper. 

It must be remarked that the axis of the conical pinion is in a plane perpendicular to that of 
the axle A A', but that these two axes neyer meet. 

We haye nere an example of heliooid gearing, which might be replaced by a hyperboloid 
gearing. 

The sprix^ is balanoed by a ooonterpoise on the oppoaito side of the axle. And to ayoid the 
risk of breaking the spring the displacing of the wheel is limited. 

As in the case of the traction dynamometer, the toll-tale wheel may be substituted for the band 
of paper and the style. The solid wheel, perpendicular to the axle A A', is put in motion by a 
toothed wheel turned by the endleaa screw upon the axle of the conical pinion. The little teU-tale 
wheel is a£Sxed to the wheel B. When at reaL the little wheel occupies the centre of the solid 
wheel ; but when in motion, it recedes from it by quantities proportional to the fiexions of the 
spring ; so that the number of reyolutions that it makes in a given time is again proportional to 
the proiduct of the force exerted by the distance run through, that is, to the work effected. With 
this apparatus, the experiment may be continued for a day, a week, or even a month, if the yarious 
parts are properly proportioned. 

The principle of the instruments we have described is due to M. Poncelet. The Bentall and 
Saurinea dynamometer are founded on the same principle. 

The former of theae instruments is used to compute the work of ploughs. Its chief part is a 
spiral spring carried upon wheels and fixed by one end to the plough and by the other to the swing- 
bar to which the power is applied. The fore end of the spnng is oonnected with the horizontal 
axle of a small wheel which rests upon a horizontal solid wheel ; the latter receives a rotary motion 
about a vertical axis, which is proportional to that of the vehicle ; and the small wheel recedes 
from the centre by a quantity proportional to the flexion of the spring. Whence it follows, that 
the number of revolutions made in a given time is proportional at once to the force exerted and 
to the distance traversed, and consequently to the work done by the motor. Unfortunately this 
instrument is liable to be thrown out of order by the inequalities of the soil, and it does not always 
give exact results. 

The dynamometer introduced into the French navy by M. Saurines serves to oompute the work 
consumed by the heliooid screw-propellera. In acrew vessels, the axle of the cranks of the steam- 
engines runs into the axle c^ the screw, to which it is fixed. Saurines* dynamometer is placed at 
the point of interruption of those two axles. To the end of the crank-axle are fixed two equal arms 
diametrically opposed ; and to the corresponding end of the screw-axle are fixed two similar arms, 
but placed at right angles with the &8t two. The ends of the latter are connected with the ends 
of the other two by fiat springs, thinner at the middle than at the ends, and presenting a natural 
curve which has a tendency to diminish under the infiuence of a longitudinal tractive force. It 
will be seen that the crank-axle cannot turn the screw-axle except through the medium of these 
springs which yield by a quantity proportional to the force exerted. It is, however, not this deform- 
ation that is measured directiy. The middles of the opposite springs are oonnected by steel bars; 
when the rorings bv yielding tend to become straight, tneir miadles approach the axis of rotation, 
and force the steel bars to bend. It is this fiexion that is used to compute the work transmitted. 
For this purpose, a piece of paper is placed on a fixed cylinder having the same axis as the revolving 
axles : and perpendicularly to the surfaoe of this cylinder are placed two pencils, carried round by 
the general rotary motion. The first, which is fixed with respect to the axle of the cranks, traoea 
on uie paper the line zero, the one correaponding to no force transmitted. The second, fixed to the 
steel bfltfs, which tend to move it in the direotion of, and along the length of the axle, but held at 
the same time by a spring, traoea upon the cylinder a curve which deviatea from the line tero by 
quantitiea proportional to the force tranamitted. The area compriaed between thia curve and the 
line zero ia, therefore, proportional to the work effected. This arrangement, invented by M. Saurinea, 
enablea us to oompute easily the large amount of work tranamitted to the screw of powerftil vessels, 
often amounting to more than 2000 horae-power. To obtain correct reaulta, however, the enginea 
must not exert too variable a force. 

Bourdon haa lately invented a rotation dynamometer that ia quite new in ite arrangement. It 
conaiato of two cogged wheela of helicoidal gearing, equal and witn parallel axea, which tooth into 
each other. One of them reoeivea the motion of the motor b^ means of a belt ; the other transmits 
In like manner to the operator the motion which it has received from the first. But its axis may 
be displaced in the longitudinal direction, by resting at one of ite ends, against a spring. The 
pressure which this second wheel receives from the first has a component parallel to the axis which 
is proportional to it; this component produces a slight displacement of toe axis which causes the 
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mring to yield by a certain quantity.^ This flexion is transmitted to an index which moTcs on a 
aivided circular arc. By means of this arrangement very considerable forces may be measured by 
employing only thin and very flexible springs. Knowing besides the distance described by the 
point of application of the motive foxoe, we are in posBoooion of all the elements necessary to com- 
pute the work transmitted. 

It remains for us to say a few words of the instrument known as the American dynamometer, 
f nyented by White, which is founded on a principle quite diflerent from those of the preceding. 
This dynamometer, which serves to measure the work on engines, offers an application of the 
Roman balance. It is represented in Figs. 2591, 2582. Upon a horizontal axis a b are mounted ; 

1, a pulley A which receives the motion 
from the motor, by means of a belt; 

2, a loose pulley A , equal to the fiivt, 
upon which the belt is passed when it 
is required to stop the apparatus ; 8, a 
pulley B which transmits the motion 
and is designed to overcome the resist- 
ances : 4, a loose pulley equal to B, B' ; 
5, two bevelled gear-wheels and D, 
both of which tooth into two other 
simUar wheeU equal to each other £ 
and F. The axis of each of these is 
connected with the beam of a kind of 
Boinan balance O M N, held in equi- 
librio by a counterpoise Q. On the long 
arm M N of this beam slides a running 
weight P, and this arm is divided into 
equal parts. 

Suppose that the motion of the 
driving pulley A takes place in the 
direction of the first arrow. If the belt 
be thrown off on the side of the resist- 
ance, the beam has a tendency to be 
drawn in the direction of the second 
arrow, and the dynamic equilibrium 
can be restored only by hooldng the P 
to the ring and by giving it a proper position on the beam, whence we easily deduce the momentum 
of the force P, eoual to that of the resistance, and consequently the resistance itself; since it acts 
tangentially to tne pulley B, the radius of which is known. A tell-tale put in motion by the 
revolving axle by means of an endless screw gives the number of revolutions and fraction of a 
revolution which the axle makes in a given time. Thus we have the two elements of ^e work to 
be measured, and consequently this work itself. 

To prevent the osdliations of the beam during the experiment, or at least to reduce the magni- 
tude of theni, its extremity is attached to a piston which moves within a cylinder, the air in the 
cylinder being compressed oy the motion of the piston. See Aooslkbatton. Anoulab Motion, or 
YXLociTT. Ba lance. Belts. Brake. 

DTNAMOMETEB GAR. Fb., Wag<m Dynamometre; Gkb., Dynamometer^Wagen ; Ital., 
Dinamometro di trazione ; Span., Wagon dinamomi^trico. 

This ingenious and usefol machine, shown in Figs. 2593 to 2597, was employed by MM. 
VuiUemin, Guebhard, and Dieudonn^ in making their useful and extensive experiments on the 
resistance of ndlway trains, and on the power of locomotive engines. The results obtained by this 
accurate and complete machine, with respect to the different elements involved in the motion 
of carriages and engines on railways, on account of their practical importance, we give at full 
length. 

To determine the resistance of a single carriage or of an engine to traction, we have had 
recourse to two methods. 

First Method. — ^This consisted in driving the engine or the carriage at a certain velocity, and 
then suddenly leaving it to itself till it stopped. The distance was then measured from the point 
at which the retardation of the motion be^n to the point where it became nuL 

Let m be the mass of the vehicle ; 

V, its initial velocity (in metres a second) ; 

a the space traversed (in metres) ; 

X the mean resistance during the traversing ot this space (in kilogrammes). 

If the line is level, we shall liave the following equation ; — 




~ m VgS s= X X s. 



H 



The mean value of the resistance x may be determined. 

The equation [a] must be completed by a term taking into account the rotatory force of the 
wheels. This force tends to impel the vehicle forwardsi We shall give later the details of 
the calculation rdative to this correction, and it will be seen that, for a carnage, a term 25 o/ 
must be added to the first member of the equation. We shall then nave 



(1« + 26)V = 



«>c«. 
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TbU method mav be employed to determine the retistanoe for » given Telooity, or the tnustlte 
power which must be exerted upon the vehicle to maintain this velocity. Suppcse that, during 
the time of retardation, a certain number of points have been marked for the time and the space. 
We may then oonstroot the curve of the spaces traversed as a function of the time, « = /(Q. If 



« 




now we construct the tangents to the different points of this curve, and measure the angles of 
these tangents with the axis of the abscissa ; the geometrical value of these tangents, measured 
with a drele whose radius is one, will represent the velocities at the different points. We may 
thus trace tiie curvei o as /* (i). Proceeding in the same manner with this second curve, we deduoe 
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the curve of the ftooelentions, } s= f (Q. Mattiplying the aeoeleration / at a detenninate instant 
by the mass m, we obtain the force applied, F ^ mf" (<)• Thus, haying constmcted the onrye of 
the accelerations, we have only to multiply the orainatea by a constant m, to find the retarding 
force at the diiferent instants. 




Second ITtftAod.— This consisted in making experiments with a dynamometer. The apparatus 
is placed in a coveied carriage which is attadied immediately to the tender. The coupling rod is 
connected with the movable portion a of the dynamometrical spring ; the fixed portion 6 of this 
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spring ii ftrmlT attached to the framework of the carriage. In this way, the tractive force is made 
to paae through the spring before it acts upon the carriage. 

The movable portion a carries a vertical pencil c, which moves forwards or backwards in a 
vertical plane, according aa the spring bends more or leas. Beneath the pencil, a strip of paper 




moves in a honxontal plsne aronnd a roller d, which is kept in motion by a piece of dookwork 
in the box/. 

.The distanoes are marked by hand, by means of the pencil g. They are also noted by means 
of a teU-tale in the box /. The chief wheel of this tell-tale is tnmed by a clicks which is acted 
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opoB bf an w«entrio plw«d on (he dzle of the earriage. The hand, oi needle, uuikM one mttln- 
tioa a kUomMre : the diTiiicma of the dUl are of 10 m^trea. 

If thia inatmment ahonld get out of ordei in nmndinK curve* ot while the train li being 
■hnnted at atatbma, it it eaaQy raarranged by mean* of the kilomMre-poaU on the line. 

The pencil A aarTea to ahow the time, but it i* neeoaaaiy to mark the time hj hand ai welt, 



Section throngli C D E F G B J E. 

A Tane plaoed on the top of the carriage tnnu inride an indicator njioa a divided eitde. We 
are thna enabled to aaoertain, when atationai^, the angle which the wind makea with the »i« 
of the carnage. By the aide of the wind indioalor ii a compai^ which givee the angle ot the 
magnetiD meridian with the aiia of the carriage : we thna find the direotion of the wind. 

The temperatnre ii ihown by a thermometer. 

Fig. 2697 give* the details of the d^namometrical spring. It la oompoaed of foarteoa {deeei of 
1" ' 01 in length ; the enda of two adjacent pieces are connected by two boitt and two amall 
waahers. The spring is easily put together or taken to pieces ; aooording as the tractive atiain is 
to be more or leas great, the whole or a part only may be made to act. 

The deSectioiu of the spring were carefblly measured and noted with respect to the Ibioa 
Oerted npon it, before it was naed in the dynamometer carriaffe. 

Thrae is a scale for each coupling, namely, for two pieoee. for four pteeca, ie., and for fourteen 
pieaea. The defleotioDs are nearly nninnuly proportional to the foroas. This large spring, which 
was made by HesBrs. Petin and Ganoet, is as Bi(«Uent one : its flezibUity was in no decree altered 
by the eiperanenla made with it; to test it, its deflections were tried after Et had been muse some 
time, and they were fonnd to oorreepond exactly with those of the first (rials. 

To detennlne the reatstanoe of passenger or goods trains, we always had recourse to the method 
of the dynamometer. 

Xn i it mot oj a Singh Carri'igt—I'irtt JUMixI.-~Tb.v expetimenti connected -niib this gtijagt 
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were made between Epemay and Ghftlons. This portion of the line, 18 kilomctreB in length, U 
eminently fayourable to triaU of this kind; the incline is uniform and yery gradual (gnuiient 
s= 0"-4), deeoending from Epemay to Gh&lonB; besides this, the line is straight for a distance 
of 10 kilometres in one place and 3 in another, and the onrres are all short and of a long radios 
(radius = 2 to 8000 metres). 

The mean temperaturo 
was 25 degrees centigrade. 

Mean Besiatance of a Car^ 
riage driven at different Veto* 
c»«iM.— The covered, four- 
wheeled, dynamometrical 
carriage with which the ex- 
periments were made was 
furnished with oil-boxes, and 
weighed 5500 kilogzammes. 

Metres. 
(Height 2-80 
Breadth 2-60 
Length 4-90 

Diameter of the wheels 
c= 1 m^tre. 

This carriage was at- 
tached immediately to an 
engine, the operator inside 
being proyided with a dis- 
tance-counter and a chrono- 
meter. When the speed 
agreed upon was reached and 
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had become uniform, at a giyen signal the cairiaee was detached from the engine, and left to 
itself till it stopped. This experiment was repeated several times with various initial velocities. 

Five experunents of this nature were made, the results of which are given in the following 
Table;— 



Nature of 
the Line. 
OrKUents. 


Initial Velocity 

inmilresa 

seoood. 


Distaooe 
tnvelled. 


Resistanoe 
deduced from 
the Fonnida. 


corrected for 
Oravltj. 


Gbeffidentof 
ResistaDoe a too. 


mm. 

0-4 
0-4 
0-4 
0-4 
0-4 


mitres. 
5-00 
6-65 
18-90 
13-90 
12-50 


metrea. 

885 

550 

1888 

1408 

1347 


Uls. 
19-80 
24-60 
44-20 
41-70 
85-80 


kils. 
17-60 
22-40 
42-00 
89-50 
83-10 


kils. 
8-20 
4-07 
7-68 
7-18 
6-08 



It was necessary to reduce slightly the total resistance of the carriage, calculated by formula [i3], 
on account of the inclination of the line. This was accomplished by supposing that the resistance was 
increased 0^*4; this gives for the carnage, 5*5 x 0*4 = 2k*2. We shall see laterthat these figures 
correctly represent the influence of gravity upon the resistance of carriages on a gradient of 0^*4. 

The last column of the preceding Table gives the mean coefficient of resistance for a covered 
carriage, such as the one we have oescribed, rolling upon a straight and level line. Its increase 
with the initial velocity cannot fail to attract attention. We cannot give exactly the speed to whidi 
the foregoing coefficients correspond ; for the mean speed is not e^ual to the mean of the extremes, 
that is, to the half of the initial velocity. It was observed that it was considerably less than this 
half, especiidly when the initial velocity was great, because the resistance increases with the speed. 

To determine the law of variation of the coefficients with the speed, we had recourse to the 
graphic method already described. This method is certainly of difficult application ; errors of 
observation, errors that can hardly be avoided in the construction of the tangents may be multiplied 
from one curve to another; the results which we have obtained are, however, tolerably good. 
This method was applied to the first four experiments noted in the preceding Table. 

Figs. 2599 to 2602 represent the four series of curves. 

The extreme portions of the curves of acceleration are less accurate than the mean portions, on 
account of the s;raphical construction of the tangents. Grouping the figures given in Figs. 2599 
to 2602, and majring the correction for gravity, we obtain the foUowing l^ble, which gives the law 
of the resistances on a level line from to 85 kilometres an hour. 



Speed an hour. 


Beelstanoeof 
tbeOsrrlage. 


OoeflBdentof 
Beaistanreaton. 


Speed ao hour. 


Beslstaaoeor 
theChrrisge. 


Ooeflkknt of Reiistsnoe 
a ton. 


kilomitres. 

85 
25 to 80 
20 „ 25 
15 „ 20 


kUogrammea. 

85 
80 
24 


kilogrammes. 
7-6 
6*8 
5-4 
4-8 


kilometres. 
10 to 15 


kilogrammes. 
19 
14 
11 
48 


kilogrammes. 
8-4 
2-5 
2-0 
8-7 (starting) 
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Second Method. — Tho dynamometer carriage being attached to an engine, its own resistance was 
first determined, which is, therefore, alone represented by the curve. It will be interesting to 
compare this result with those given previously. 



Graphic Method applied to a Single Vehicle. 



2602. 




2603. 




^Hnf. 



M 9^-04 



Q^, / i mill, for 2 metres. Ordinates. 
^^® \ I mil], for 2 aeoonds. Abscusie. 

Second Experiment on the Rolling of the Dyna- 
mometer Carriage. Weight 5500^ 

BestUtx 



Scale 



{} mill, a m^tre. Ordinates. 
I mill, a second. Absdsss. 



First Experiment on the Rolling of the Dyna- 
mometer Carriage. Weight 5500^. 

Sesttlts, 



ForV= 9^-4 


F = 29^-20 


/ = 5*-28 


n V=6k-5 


F = 20^-70 


/ = 3^-76 


„ V=4k-7 


F = 13^-90 


/ = 2»-53 


„ V=4k-1 


F = 12k-50 


/ = 2*-27 


„ V = 2»^-7 


F = 20^-70 


/ = 3^-76 


« V= Ok 


F = 52^-30 


/ = 9*-50 



For V = 9*'4 


F = 21^00 


/ = 8k-82 


„ V = 7'^ 5 


F = 18k'40 


/ = 3k-33 


„ V = S*' 8 


F = 17k 00 


/ = 3*07 


» V = 4k 5 


F = 13k-90 


/ = 2k-70 


„ V = 3^*8 


F = 13k-60 


/ = 2k-47 


„ V = 2k-9 


F = 14k-60 


/ = 2k-65 


M V = O^' 


F = 46^-50 


/ = 8k-42 



The tractive power requisite for the cairiage alone is very small, and must be measiured in a 
spedal manner. Indeed, the smallest error in drawing the line of the abscisssB, due either to the 
play of the paper upon the rollers, or to a faulty arrangement of the pencil, would be a consider- 
able fraction of the quantity to be measured ; we were thus led to adopt an artifice. The carriage 
was first drawn at a uniform speed, the line a b being marked by the pencil ; the engine was then 
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suddenly detached, and the same pencil marked the line cd; the distance I between the two lines 
exactly measores the resistance of the carriage. 



y;. 



The resistance was ihen found to be 

25 kilogrammes at the speed of 25 kilometres an hour, say 4^*54 a ton. 



50 



w 



>» 



50 



>» 



» 



9k 10 



ff 



These figures are a little lees than those fonnd by the first method; this is owing to the 
tenders having covered a portion of the front of the carriage. 

Oraphic Method a^ied to a Single Vehicle, 

MOB. 

M04. 




fi/«i« / } ™'^ ^ ^ mHras. Ordioatcs. 
^^^ \ i mill, for 2 noooda * '^"^ - 



Third Expsrimcnt. 






Hesults. 




For V = 33^-8 


F = 44k-l6 


/ = 8k05 


„ V = 27k-8 


F = 37kO 


/ = 6k-78 


„ V = 23k-2 


F = 32k-30 


/ = 5k-87 


„ V = 18k 


F = 26k'78 


/ = 4k-88 


„ V = I4k0 


F = 2'2k-09 


/ = 4k-02 


„ V = 9k-9 


F = 17k-39 


/ = 3kl6 


„ V = 7k-8 


F = 15k-45 


/ = 2k-82 


„ V = 6*3 


F = 15k 


/ = 2k-72 


« V = 4k-4 


F = 13k 8 


/ = 2k'52 


„ V = 2k-3 


F = 21k 1 


/ = 3k-84 


« V= Ok 


F = 50k'6 


/ = 9k-20 




i 



8 » JO »/ a0 M- e-/74' 



V y 

a^u i \ ^i^^- ^<^ ^ metres. Ordinate. 
'^^ \ i miU. for 2 aeoonds. AUciaMi. 





Fourth Experimeot« 






SesuiU. 


ForV = 


24k-8 


F = 34k / = 6ki7 


,. v = 


2lk-4 


F = 30k-5 / = ftk 54 


M V = 


lGk-4 


F = 25k / = 4k-55 


,• v = 


12k6 


F = 20k-8 / = 3k-78 


„ v = 


9k-9 


F = 17k-2 /= 3kl2 


., v = 


8kl 


F = llk-6 / = 2kl2 


- v = 


5k-9 


F = llk-l /= 2k02 


„ v = 


3k8 


F = llk'4 / = 2k07 


H V = 


2k8 


F = 17k 2 / = 3k 12 


.. v = 


Ok 


F = 29k-5 / = 5k-35 



The coefficient of resistance a ton, at starting, 8**7, given by the last Table, was also verified 
approximatively by means of a small dynamometer with a spiral spring, placed in the chain, by 
which the carriage was gently drawn until its inertia was overcome. 

4 p 2 
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Sesistance of Engines at different Velocities, — First Method. — The experiments in this ease were 
made between Epemay and Gh&lons ; the engines and tenders were carefully weighed at Epemay 
before starting, and again on their return, the object being to determine the resistance of engines 
under ordinary conditions, that is, having their steam up and being properly greased. 

The engines were started at different velocities, and when the speed had become uniform, the 
steam was shut off and the engine left to itself till it stopped. The distance and the time were 
measured by a chronometer and a distance-counter. 

The initial motive force is composed, not only of the force due to the rectilineal velocity of the ' 
total mass, but also of the force due to the rotation of the revolving masses (see Note A, later). 
The engines submitted to these experiments were of two kinds, No. 15 a goods engine, and No. 14 
used for mixed trains (Table I.). 

y being the velocity at the circumference, in metres a second, the mDtive force of rotation of 
the engine axles will be expressed as follows ; — 

18*4 X Y* for wheels of 1-20 m^e. 
20 xV« „ 1-30 „ 

27-4 xV» „ 1-68 „ 

Admitting this, let ' 

s be the space traversed ; 
K, the total mass in motion ; 
y, the initial velocity in mHres a second , 
a, the known resistance of the auxiliary carriage ; 
ar, the unknown resistance of the motor (engine and tender) ; 
6, a known term (depending on the revolving masses) ; 



we have the formula 



(|M + 6)y» = (a + x)x». M 



As an example of the application of this formula [y], let us take trial No. 1, Table 11. 

The mixed engine No. 249, svstem 14, the tender 440, and the auxiliary carriage, in all three 
vehicles, were driven at a speed of 20 kilometres an hour, and they stopped in 427 metres; the 
time spent in traversing this space was 2 minutes 80 seconas, from which it follows that the mean 
speed was 10 kilomHres an hour. 

We have, besides, 

I M = jgL- X (60400 + 5500) = 2850. 

6 = 25 + 2 x 27-4 + 8 X 18*4 ; 
whence 

6 = 135, 
y = 6-55» = 80-8, 
a = 19-80, « = 427. 

Substituting these values in the^uation [7], we find 2985 x 80*8 = (19*80 + «) X 427; whence 
X = 196. 

Thus the mean resistance of the engine and tender, during the time of retardation, was 196 kilo- 
grammes; if the line had been perfectly level, the resistance would have been diminlBhed by 
0-4 X 50-4 = 20^*16; say 20 kUognunmes. There remain 176 kilogrammes, which makes 8^*50 
a ton. 

Notwithstanding a few variations, which may be attributed to the condition of the line and to 
different degrees of lubrication, it will be seen that the coefficients of Table 11. may be arranged 
so as to furnish a law of continuous increase with the initial velocity. The variation of the 
coefficienta from one engine to another of the same type, with an equal initial velocity, may be 
explained by the more or less perfect working of the pcirts subject to friction. For different types, 
besides this reason, the variation depends upon the mssimilanty of the mechanism. The relative 
inferiority of the coefficients for engines Nos. 253 and 0*155 is owing to the tenders of these 
engines being provided with oil-boxes. 

From Table II. we find that for the two mixed engines the coefficient / of the mean resistance 
a ton has the following values; — 

For an initial velocity of 20 to 29 kHombtres, say a mean velocity of 11\ /= 3^-20 

SO to 89 „ „ „ 15V =4*00 

40 to 49 „ „ „ 20k,/ =4^-35 

60 to 60 „ „ „ 23S/=5k-70 

The goods engine No. 0* 123 gives ;— - 

For an initial velocity of 20 to 25 kUom^tres, say a mean velooity of 9^ / = 5^*32 

25 to 35 „ „ „ 12y= 6^-43 

35 to 40 „ , „ 16S/=7'^-52 

The results of engine No. 0-155 cannot be combined with those of engine No. 0-123, because 
they are not sufficiently numerous. The graphic method of the curves of acceleration was not 
applied to these experiments. 



DTNAHOMETEB OAB. 



1317 



I 



•is- 






i 



I: 



•^ ^ 



«« »J o 

o o SS «o 

^ S CO 04 



,S S ^ ^ ^ £> S 
« <o 4 Jh "S i f. ^ & 



o o o 
r* a> CO o o oi 



•^ ^ 00 06 oi> 



?S f 



CO 



B 1 
*0 ^ Si 



CO CO 



8 » 



CO 



e 8 

3! '^ 



I 






• o^ o «> - 

BooGoooaoH •>«) 



fi. fl 



»H ©« 



2 & 



& S> 



Oi 



■ 

8 



O Ci M 
C4 Ol <^ 



04CI^ OCQfHiHr-lpHlHQQ"" X 



04 '^ 



s 



%>u I 



CO 



s 



I 



a 
o 

2 

o 



1: 



A 0> 
CO CO t^ t- 



« en- A L I S. & ?- & & 



CD CO 
Ol 04 






IH iH fH PH iH ,-. t* 



S I 

8 « 
00 



t« 00 

alQ O rH lO 
t<5 00 O 04 



£ £ I '^ Ih I, 



o o> 



I:' 



o to 



e« eo 



s 



Oi 00 
i-l 04 



SS ^ O 00 fH r-4 1-4 



& 

fH 

r^ fH nft 



fl «s 

00 



01 04 

01 Ol <^ 



CO lO 



^ s i ^ ^ * 



1- 



04 eo 



C0»O^iH»H»^*H 



Ol S 



^ 8 
^ I 

8 «S 

00 



fH Oi 



s E 






00 



■i'r 



i 



o 



04 00 



•M Jl 



a a 



S S fS s & § & 

53 *^ *^ CO IH ^ iH 



& s i s s s i 



00 <« 

•H ^ 



" " 00 00 00 



i 

i 



6 



^ 
i 



CO & Si 

• Ik 

s s; 



P 8 



& 



04 CO 
01 94 Ol 



& • 



CO 
01 



CO 00 



& 



«^ O ^ tH rH tH fH 









s 



SCO 

• • 

8 

0» 



i eo 



8U) 
04 CO 

• • 

fH ft 



& 



rH to O 



•H «0 
•H ©I 



S S *§ H s & ^ 

& L 1 8. «b & & 



^ 



04 



^ 8 CO «b lb 

O CO IH fH tH 



6 oi 



S S S o 



O 00 
O Ol 
04 CO 



u 



£ e« li I, 



il 



Ol o 

eo S S 

^ a 



Ss| s & s £ 

So L t B & 6 & 

CO O CO fH 1H IH 



^ 



^ I 

8 «8 

fH QO 






• • 

CO 



& 3 



1 J 









e 

to 



I 

tiO 

I 

:§ 
I 






? ^ 



I 
If 



.fill 

I 18 ? '2 5 

" iH 01 CO ^ 



V 

to 



I 



o 






I 






Jill 



O 

M 
I 








^ 



1818 



DYNAMOMETER CAB. 



TabLB n. — ^EXPEBIMBNTS ON THE RESISTANCE OF ENGINES AND TbNDEBS TO MOTION. 



Ex. 

peri- 
menta. 


Type of Engine and Tender. 


Natarc 
of the 


, Initial 
' Velocity 


DlBtanee '^^ 


Mean 
Veloclij 


Mean 
Reatit- 
anceby 
calcnla- 

Uon. 


Oorreo* 
tion for 


MeaoReaisUnof 
on a Level 


Mean 
of the 


Line. 


an 
hoar. 


Run. 


leoonda. 


an 
honr. 


QraTtty. 


Total a ton. 


Ooeffl- 
clentiu 






kiloms. 


metres. 




Uloma. 


Jcllogs. 


kilogi. 


kllofta. 


kllogs. 


kilogB. 


1\ 


/ 


X 


f 20 


427 


150 


10 


196 


20 


176 


3 -501 
3-46/ 


3 48 


2 






20 


430 


157 


10 


194 


20 


174 


8 




t 


30 


688 


194 


12 


292 


20 


272 


5-88) 




4 
6 
6 

7 


Mixed, 249.— Type 14. 
Tender, 440. — Orease-bozes.* 
Weight 50,000 kilogiammee. 




33 
33 
38 
45 


840 
1115 
1465 
1640 


210 
269 
304 
280 


14 
15 
17 
21 


256 
187 
183 
243 


20 
20 
20 
20 


236 
207 
203 
223 


4-68( 
4*20r 
410) 
4-42\ 
5-20/ 


4 59 
4-81 


8 






45 


1437 


280 


18 


283 


20 


263 


9 






51 


2137 


362 


21 


237 


20 


257 


5 -201 
6 •15/ 


5-67 


10^ 


V 




55 


2047 


348 


21 


283 


20 


303 


11 \ 


/ 


i 


26 


740 


196 


14 


188 


20 


168 


3*80) 
2-54/ 


2*92 


12 




26 


910 


280 


12 


149 


20 


129 


13 


Mixed, 253.— Type 14. 


1 


34 


1218 


290 


15 


186 


20 


166 


3-28\ 
3-54/ 


3-41 


14 


Tender, 484.— Oil-boxes. 


p; 


82 


1350 


319 


15 


200 


20 


180 


15 Weight 50,500 kilogrammes. 


'a 


43 


1730 


350 


18 


203 


20 


183 


3-61\ 
4-20/ 


3-90 


16 


T 


46 


2082 


362 


21 


190 


20 


210 


17^ 


V 


O ' 


60 


2626 


379 


25 


267 


20 


287 


5-74 


5-74 


18. 


/ 


II 

1 


20 


322 


130 


9 


242 


18 


224 


4-92 




19 




22 


346 


180 


10 


273 


18 


255 


5*63 


5-32 


20 




20 


340 


130 


9 


227 


18 


245 


5-40 




21 




c 


26 


380 


132 


9 


350 


20 


330 


7-28 




22 
23 

24 
25 


Goods, 0* 123.— Type 15. 
Tender, 1 18. — Grease-boxes.^ 
Weight 45,300 kilogrammes. 


O 


26 
26 
30 
32 


404 
450 
508 
610 


135 
146 
150 
165 


11 
11 
12 
13 


318 
283 
339 
312 


20 
20 
20 
20 


298 
263 
319 
292 


6-53\ 
5-82 
7-00 
6-45 


6*43 


26 






33 


700 


171 


15 


290 


20 


270 


5-96 




27 






30 


680 


170 


14 


246 


20 


266 5-88; 




28 
29/ 


V 




40 
39 


842 
792 


182 
180 


17 
16 


318 
326 


20 
20 


338 7-45\ 
346 7-60/ 


7-52 


^ (' Goods, 0- 155.— Type 15. 
?Y || Tender, 499.— Oil-boxes. 
^^ Weight 48,600 kUogrammes. 


J K 


38 
40 


990 
1015 


218 
214 


16 
17 


276 

307 


20 
20 


256 
287 


5 -251 
5- 93/ 


5-59 



Second Method. — ^Each double jonmey, from Epemay to Gh&lons and back, was made with two 
engines ; the dynamometer being pkoed in the middle, the second ennne, drawn on the outward 
journey, drew, in its turn, the first engine on the return. The hind engine had its regulator 
closed, its steun shut off, and its waste-pip^ open. In the middle of the journey the train was 
stopped for the purpose of greasing the cylinders of the engine which was being drawn. The 
types experimented upon were four in number ; the results obtained will be found in Table III. 

It will be seen that at the ordinary speed, the resistance a ton of the enqine and tender, for the 
rolling of these vehicles and the friction of their mechanism when not at work, reaches the following 
values; — 

Goods engine (type 15) .. .. V = 24\/= 9^*52 

„ (type 20) .. .. V = 26S / = 10^24 

Mixed engine (typo 14) . . . . V = 45^ / = 6^-41 

Engine with free wheels (type 1) y = 45S / = 5^*48 

ThOvflffures found by this method are naturally greater than those obtahied by the first 
process ; the speed is generally greater, and the greasing of the cylinders and slide-vaives is not 
the same; here we travel several kilometres without stectm in the cylinders and without grease; 
in the first method the engine goes but a few hundred metres after the regulator is closed. 

The following are two immediate applications which may be made of the figures we have given 
above. 

1. At their nonnal speed, 6-wheeled goods engines descend alone, without steam, inclines of 
9 to 10 millimetres ; and mixed and free-wheeled engines descend alone inclines of 5 to 6 milli- 
metres. 

2. To find the total work developed by an engine in front of a train, wo must add to the work 
measured by the dynamometer the work absorbed by the engine itself, both by its transport and 
by its friction. This may be done by multiplying the above coefficients by the weight of the 
motor and by the speed. 

Type 20 gives a higher coefficient than type 15, though the latter has smaller wheels. The 
greater resistance of type 20 is probably due to the larger dimensions of the cylinders, and, in 
general, to a little more friction in the mechanism. 

The influence of the speed upon the resistance is clearly seen from the Table ;* we shall return 
to this subject later. 
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Tablb nL — ^Dtnaxoiobtbigal Ezfiboientb on thx Bxsistance of Enoines and Tbndebs in Motion. 



Typeof&igbie. 



Nmnbor 

of the 

Ekigina. 



Goods.— Type 15. 

Biz wheels coupled. 

D = 1—30. 



Goods.— Type 20. 

Six wheels coupled. 

D = l»-40. 



Mixed.— Type 14. 

Four wheels coupled. 

D -. iin.70. 



Fxee wheels. — Type 1. 
D = l»-70. 



0-151 



0*123 



DbteDoe 

mnbytlie 

Eogioe 

■Inoetiie 

last general 

repaira. 



kllomB. 
18.231 



8.018 



Tjrpe of Tender. 



{Four wheels, grease-l 
boxes / 

D = l"-20 .. .. 

Four wheels, oil-boxes 
D = l—20 .. .. 



Weight of 
the&>c(ine 
and Tender. 



tons. 

49 to 50 

« i 

50 to 51 



0-2^5 



249 



214 



189 



77 



16,403 {^^fcjj^^^.^ ^^} 53 to 55 
D = l«'14 



>. • • 



12.895 

20,943 
8,185 



{Four wheels, greese-l 
boxes / 

D = l»'20 .. .. 

(Four wheels, grease*^ 
boxes / 

D = l»-20 .. .. 
Four wheels, oil-boxes 
D = 1«'20 



. • . • 



47 to 49 

• . 

51 to 52 
51 to 53 



19.623 l{^°^^i^^^ ^^} 
D = l»-00' 



•• . • 



37 to 38 



Nmnber 
ofKllo- 
mfttrea 
experi- 
mented 
on. 



kUoms. 

6 

10 
4 

8 

4 



11 
17 



11 

10 
5 

15 

8 

16 

5 



Mean 
Speed 

an 
hour. 



kiloms. 

15 

24 
27 
22 
84 



23 
30 



30 

49 
62 

29 

27 
35 
43 



15 
2 



50 
41 



Total 

mean 

Beaiat- 



kiloma. 

437 

497 
515 
416 
523 



529 
582 



347 

417 
588 

293 

272 

300 
307 



RotoU 
anoea 
ton of 

Ekiglne 
and 

Tender. 



klloma. 
8-90 

1000 
10-50 
8-20\ 
10-30/ 
Mean 



9-62 
10*86 



6-92 

8-55 
12-58 

6- 01 1 

5-30 
5-81\ 
6-92/ 
Mean 



Mean 
oftbe 
Reaiit- 
ances 
atoo. 



9*80 

9*25 
9 52 



10-24 



232 
185 



6-05 
4*92 



7*78 

5'65 

5*86 
6-41 

5-48 



Resistance of Locomotives and Tenders at Starting, — ^There Is a special degree of friction at start- 
ing, because the condition of the surfaces with respect to lubrific^ion is not the same then as it is 
after the wheels have made a few revolutiona For each vehicle a minimum force is necessary to 
overcome its inertia ; to determine this force accurately, it must be applied- gradually till the mass 
is set in motion. This is hardly possible when a locomotive is used ; in aJmost every case more 
force is applied than is necessary. We succeeded, however, in fulfilling the required conditions in 
a satisfactory degree, bv drawing a heavy mixed engine with a small one of free wheels ; the latter 
was obliged to exert all its strength to move the larger engine, the inertia of which was, conse- 
quently, gently overooma It was found in this way that the mixed engine, type 14, with its 
tender, required a force of 820 kilogrammes, say 15^*90 a ton, and the goods engine, type 15, a force 
of 19^-70 a ton. 

These figures show with tolerable aooaraoy the Talne of the friction at starting. If now we 
start more energetically, the greatest force shown by the curve is not employed merely to overcome 
the friction, but to give acceleration to the mass acted upon. We have seen applied, to start a 
mixed engine, a force of 40 kilogrammes a ton, yet the shook produced oould not be called violent ; 
and such starts as these are of £ily occurrence. 

Besistance of Tenders a/on«.— Experiments were made upon tenders alone by means of the dyna- 
mometer, the results of which experiments are given in Table lY. The mean resistance is 5^*16 
a ton at a speed of 27 to 32 kilometres, and 7*^*00 a ton at a speed of 45 kilometres. 



TAKtM ty. — Y'lTNAMOirRTBTfJAT. KxPTBRHfRNTfl ON THE RlWffrAN^TFt 


or TxNDiBS IN Motion. 


Typ« of Tender. 


Number of 
the Tender. 


Wdghtof 
the Tender. 


Number of 
KUomitrea 

experi- 
mented on. 


Mean 

Speed an 

Aour. 


Total 

mean 

Beaistance. 


ResiBtance 
a ton. 


Mean of 
theRe- 


Greaae-boxes, four wheels. 
D = l«-20. 


r 440 
( 174 


k. 
19,510 
18,600 
18,600 
19,510 
21.400 


8 

4 

5 

2 

14 


k. 

29 

27 

32 

44 

45 


k. 

99 

93 

101 

128 

160 


k. 
5*07 
4-98 
5-48 
6-56 
7-45 


k. 
516 

7-00 



JResistance of Engines leiih Four Axles esufled, — ^Four experiments were made to determine in 
a special maimer the resistanoe of engines with four axles ooupled. We bad at our dispoaal a 
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straight piece of line of only SOO metres in length ; consequently it was impossible to exceed a rery 
moderate speed. The temperatnre was at + 5 degrees centigrade. 

Two engines, Nob. 0*177 and 0-168, were nsed in these experiments, which were lepeated in 
order to obtain a mean ; the former en^^ne had its steam up, the latter was cold. The dyna- 
mometrical curve gives the following resistances ; — 

1. Engine - 177 (weight of the engine and tepder = 68100 kils.). 

First trial 1460 kils. 

Second trial 1470 „ 

Mean 1465 „ 

2. Engine * 168 weight of the engine and tender = 64700 kils.). 

First trial 1300 kils. 

Second trial 1370 „ 

Mean 1835 „ 

Mean of the two results, 1400 kils., say 21^ - 50 a ton. The speed varied from 6 to 10 kilometres 
an hour. 

The foregoing experiments were made with the greatest care, vet they are not so trustworthy 
as those made on the 10 to 12 kilometres between Epemay and Ch&lons. The resistance of the 
-engine with four axles coupled was found to be at starting 30 kilogrammes a ton. 

Eesistancs of Trains in genercU. — The dynamometer was always employed to determine the force 
upon the couplings of the tender due to the resistance of the train. Figs. 2606 to 2609 are an 
example of the method of experimenting and calculating applied to a portion of the train (E) 74 of 
the 22hd March, 1867. It is the case of a goods train drawn by an engine with eight wheels coupled 
upon a steep incline (15 millimetres a metre). 

The time is marked every 30 seconds; the distance every 500 metres and when the speed 
decreased much, every 250 metres. 

The whole of that portion of the Figure which is represented b^ tvH lines was drawn at the 
time of making the experiments; that portion indicated oy dotted lines was executed afterwards 
for the purposes of oalculation. As the paper moved from left to right, the curve must be studied 
from right to left. The pencil which marks the force not being in the same vertical plane as fliose 
which mark the time and the distance, the curve must be removed a distance of 95 millimetres, 
which is the distance between the two planes ; the Ime a b represents the force at the moment of 
passing post 89. The force, the time, the speed, and the work may be calculated for each period 
of distance. 

For example, between posts 88} and 89 the quadrature of the curve is made by means of two 
trapeziums ; we deduce from it the fact that the mean force was 4190 kilogrammes throughout this 
distance. There are 3 points representing 80 seconds each, plus a fraction corresponding to 
12 seconds; total, 102". It follows that the speed was 17^*7 an hour, and that the work was 
275 horse-power. 

Table V. shows the arrangement of the figures copied from the roller, with the results of 
calculation. 



Table V.— Train No. (E) 74 ow thb 22nd March, 1867, vroh Vielsalm to Goxrvr. 

Engine No. 0529. (Type with four axles coupled.) 
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The foroefl, ealonlated as already deaeribed, are placed oppoeite the oorreeponding posts. When 
the nature of the line has been nearly constant throughont a long distance and the speed has 
varied but little, we may oaloulate, — 

1. The mean force. 

2. The mean speed. 

3. The mean work of traction. 

When the gross weight of the tialn u joiown, we may dednoe the mean effective resistance a 
ton. In the foregoing Table which we give as an example, the mean effective resistance a ton is 
18^-24. The mean gradient was 15""'* 50; therefore, the mean resistance, corrected for gravity, 
ia 2^-74. 

The trains which we experimented on were the ordinary daily trains, our object being to 
discover usual circmnstances. From a purelv technical point of view, it would no doubt have 
been much easier to make up n>ecial trains fulfilling such and such conditions of loading, of speed, 
or of lubriflcation, but this could not be realized in the ordinary work of a railway company. 

The results have been collected into several Tables (Tables A to J). Tables A to £ inclusive, 
relate to goods trains ; Table F relates to mixed trains; and Tables G to J, to passenger trains. 
The total distance run during the experiments is ; — 

1360 kilometres for goods trains, 
451 „ mixed trains, 

1601 „ passenger trains, 

which gives a gross total of 8412 kilometres. 

The total number of trains is 139, of which 54 were passenger trains, 9 mixed, and 76 goods 
trains. 

Exj^matum of the Tables. — ^A Table similar to No. Y . was drawn up for each train. 

1. The column headed Number of KUomHres experimented over, — Tne number of kilometres in 
this column is 6 for train (E) 74, which is the last in Table E ; this number corresponds to the 
braoketings in Table V ., and not to the whole course of the train. We have thus omitted a certain 
fraction of the distance, which in some oases has been considerable. We cannot, in calculating the 
means, take into account those portions of the way which are verjr irreeular, or where the speed 
has varied greatly. To obtain accuracy in calculations of this kmd, the force of traction must 
have been continuous from one end of the given distance to the other, and nearly uniform. These 
conditions have been realisBcd throughout the distances given In the column. 

2. The column headed Gross Weight of the Train, — ^The gross weight of a train consists of two 
parts. The dead weight of the carriages, or non-paying load, and the paying load ; the dead 
weight was obtained nom the list of the tare, the paying load was given exactly by the guard's 
books. 

3. The column headed Nature of the Line. — ^The incline is absolutely constant, or varies within 
narrow Umits ; in the latter case the number in the column is a mean. 

4. The columns headed Force of Traction, Force a Ton. — The force of traction corresponds to the 
mean of the ordinates of the dynamometrical curve ; the force / a ton, absolute or effective, is 
obtained by dividing the force of traction B by the gross weight of the train. If, however, there 
is a correction to be made, to take into account a positive or a negative acceleration (see Note A, 
later), the absolute force f a ton, though still deduced from the force of traction B, taken from the 
diagram^ is not obtained in so simple a manner as before. 

5. The column headed F[}rce a Ton, corrected. — That is, after making the correction for gravity. 
We shall prove later that the coefficient of resistance upon an incline t ia equal to / + t ; that is, 
/ being the resistance of the train a ton upon a level, if the train comes upon an incline •', without 
any change taking place in the speed or the conditions of traction, the resistance a ton upon 
the incline becomes / + 1, i being the number of millimetres in the tangent of the inclination a 
metre. 

To eliminate the part played by gravity, and to render comparable trains tried upon different 
lines, or parts of a line, we have In each case subtracted t from the absolute resistance, so that the 
last column gives the values of / on a level. 

With respect to Tables G to J we have only two special explanations to give ; — 
1. The weight of the paying load was found by adding to the weight of the luggage obtained 
from the guar<rs books, 70 kilogrammee a head for the passengers. This is not too much to include 



luggage in hand. 
2. W< 



^e have not confined ourselves, as we did in the case of goods trains, to calculating the 
resistance a ton ; but we have calculated the resistance per carriage. It was comparatively easy 
to accomplish this, because the gross weight of the vehicle varies within much narrower limits in 
a passenger than in a goods train ; in the former, the carriages being all covered, they are com- 
pletely exposed to the resisting action of the air, and consequently absorb a nearly equal portion 
of the whole resistance of the train. 

Ooods Trains. — In reference to the experiments noted in Tables A to E, we have to make the 
following remarks ; — 

1. One or two engines were empl<^ed upon each train ; there were two, three or four axles 
coupled to each engine, and the adhesive weight varied from 20 to 46 tons. 

2. The gross weight of the trains varied from 152 to 571 tons ; the number of trucks and vans 
was from 12 to 56, and of these some were emptv, some partially, and others wholly loaded. 

3. The proportion of trucks to vans varied from to 97 per cent, and of these from 2 to 100 
per cent were lubricated with oil. 

4. The inclination of the line varied between 1 and 20 in 1000; the minimum radius of the 
curves has been as low as 400 metres. 
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5. The temperature was of all degrees — 4 and + 26 centigrade, and the weather was as yaried 
as the temperature. 

6. The mean speed flnctnated between 10 and 39 kilometres an hour. 
This for the data ; as to the results, the following limits may be given ; — 

1. The force of traction has yaried from 825 to 4690 kilogrammes (omitting the cases of doable 
traction). 

2. The abeolnte zesistanoe a ton has yaried from 2^*74 to 22^*18, according to the nature of 
the line. 

3. The coefficient of resistance on a leyel has yaried from 2^*21 to 8^*60, according to the 
speed and the state of the atmosphere. 

Tables YI. and YII., which are taken from Tables A to E, bring together those trains that 
have been subject to the same circumstances of traction. Though, in these two Tables, the speed 
and the nature of the line were precisely the same, it will be seen that, in the second, the 
coefficients of resistance are greater than those of the former ; this difference is due 1,, to the 
smallneas of the paying load, and 2, to atmospheric conditions (wiod, frost, &c.). 

In Table L we have ; — 

Fo« a speed of 17 to 26 kilomMres /=3^-15 

26 to 32 /= 3^-95 



n 



»» 



which gives for a train in good condition of loading, mean weight a truck ^ 8000 kils. and for 
a mean ordinary speed, / = S'' '55 on a level. 

Tablb YL-^QooDe Trains. 
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In Table YII. we find for this saift mean ordinary speed ; — 

Calm weather, frosty, good paying load / = 5^*09 

„ „ small paying load .. .. .. / = 6^*26 

Windy, good paytog load / = 5^*06 

„ small paying load /= 5^*87 

Calm weather, small paying load / = 4^*87 

The smaller the paying load is, the greater is the number of axles for the same gross tonnage^ 
and it is obyious that this fact must haye great influence on the coefficient of traction, eyen if uie 
litie haye no curyes of a less radius than 1000 metres. 

Mixed Trains. — The following remarks apply to Table F ; — 

1. The number of engines employed on each train was one or two ; the number ot axles coupled, 
per engine, two or three ; and the adhesiye weight, 20 to 27 tons. 

2. The gross weight of the trains yaried from 120 to 239 tons; the number of carriages and 
trucks was fh>m 14 to 30. 

3. The proportion of open trucks was from to 75 per cent., and of these 15 per cent, at the 
most were lubricated with oiL 

4. The inclination of the line yaried between the narrow limits of 0™"'*4 to 3">"**5; the 
minimum radius of the curyes was 1000 metres. 

5. The mean speed fluctuated between 25 and 52 kilometres an hour. This latter speed, which 
is far aboye the oidinary, was attidned only when it became necessary to recoyer lost time. 
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Table Vn.— Goods Trains. 
Trains of difficult Txaction from yarioiifl causes. 
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169 


6,500 




T=+ 5 




• t 


24 


6-93 






91. March 17, ] 


L864 


26 


169 


6,500 




T=+ 5 




• % 


25 


7-68 






91. March 17, ] 


L864 


25 


160 


6.400 


WW 


T=+ 8 




a « 


80 


7-87 






563. June 14, ] 


L862 


34 


238 


7.000 


WW 

•• 


T=+15 




« a 


24 


4-55 






564. June 24, ] 


1862 


30 


180 


6,000 


99 


T=+18 




a • 


24 


506 






564. Jnne 24, ] 


L862 


41 


210 


5,100 


99 
M 


T=+18 




a a 


20 


516 




• 


564. June 24, ] 


L862 


41 


210 


5,100 


9W 


T=-fl8 




• a 


28 


6-45 






3/64. Judo 22, ] 


L864 


49 


809 


6.300 


99 


T=+18 


50 


• • 


24 


4-82^ 






83. AprU 6, ] 


1864 


51 


298 


5,800 


Calm 


• . ■ . 


40 


• a 


81 


5-06\ 






3. April 6, 1 


1864 


44 


244 


5.500 


M 


• • a • 


40 


a a 


26 


4-93 






83. AprU 6, ] 


1864 


41 


226 


5.500 


1) 


• • • • 


40 


a a 


25 


5-24 






77. Deo. 6, ] 


1862 


30 


189 


6.300 


99 
If 


T=+12 


18 


a a 


82 


5-20 






77. Dec. 6, ] 


1862 


28 


172 


6,100 


99 


T= + 12 


18 


a a 


36 


5-70 






562. Jnne 25, : 


1862 


28 


196 


7,000 


99 
f% 


T=+22 


• • 


a a 


28 


600 






81. AprU 11, ] 


L864 


43 


254 


5,900 


99 


T=+12 


80 


5 


25 


5-43 






81. April 11, ] 


1864 


43 


254 


5,900 


n 


T=+12 


80 


5 


23 


5-53 






81. Sept. 1, ] 


1864 


52 


318 


6,100 


9 9 


T=+25 


40 


7 


29 


3-74 






81. Sept. 1, ] 


1864 


49 


299 


6,100 


'9 

1« 


T=+25 


40 


7 . 


84 


4-34 






75. Aug. 31, ] 


1864 


42 


307 


7,300 


99 


T=+20 


14 


7 


20 


419 






75. Aug. 31, J 


18G4 


42 


307 


7,800 


•« 


T=4-20 


14 


7 


27 


3-83 


4*87 




75. Aug. 31, ] 


1864 


41 


297 


7,200 


9 9 


T=+20 


14 


7 


14 


4*15 


• 




75. Aug. 81, ] 


L864 


40 


273 


6,800 


y% 


T=+20 


14 


7 


30 


3*41 






75. Aug. 31, ] 


L864 


41 


264 


6,400 


tt 


T=+20 


14 


7 


21 


4*54 






81. June 17, : 
40/69. April 29, ] 


1864 


55 


836 


6,100 


n 


T=+21 


27 


• a 


17 


3*22 






L864 


81 


184 


5,900 


9W 




• ■ 


a • 


24 


4*77 






83. March 16, ] 


1864 


29 


196 


6,700 


Calm 


T=+ 6 


81 


7 


22 


500 






83. March 16, ] 


1864 


29 


196 


6,700 


)) 


T=+ 6 


81 


7 


26 


514 






83. March 16, ] 


1864 


37 


279 


7,500 


>) 


T=+ 9 


25 


5 


33 


412 






85. Nov. 26, ] 


1862 


33 


207 


6,200 


)f 


T=+ 5 


26 


13 


SO 


5-70 






85. Nov. 26, ] 


1862 


83 


207 


6,200 


), 


T=+ 5 


26 


13 


26 


600 






85. Not. 26, ] 


L862 


S3 


207 


6.200 


9» 


T=+ 5 


26 


18 


29 


5*89/ 
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Table YIII. gives those trains which were snbjeot to the same cironmstanoes of traction. Under 
good conditions of line, of load, and of weather, and with a mean speed of 34 to 44 kilometres, 
these trains give a mean coefficient, / = 4^*67, corresponding to the mean coefficient / = 8^*55, 
found for gomis trains at a mean speed of 20 to 80 MlomHres. 

Fine weather, bad paying load / = 5^*48 

Windy, good paying load /= 6^-62 

Tablb ym. — ^MizBD Tbains. (Speed between 84 and 44 kilomHres.) 
t<3millimetres. Badins of the cnrves > 1000 metres. #>0°. 



Deaignatfon of the Tndxu 



Nnmbor 
ofOar^ 
riagea. 



OroMWdgbt 



ToteL 



aetr- 
riage. 



T6i&po> 
xatnre. 



tlonof 

Tnickfl 

to Vans, 



100. April 25, 1862 

100. April 25, 1862 

38. Dec 5, 1862 

38. Dec. 16, 1862 

46. KoY. 19, 1862 



100. April 16, 1862 
100. April 16, 1862 



100. KoY. 25, 1862 

100. XoY. 25, 1862 

100. Nov. 25, 1862 

46. Nov. 15, 1864 

4a Nov. 17, 1864 

46. Nov. 17, 1864 





tOD& 


Uloga. 1 o 


24 


289 


9950 


• . 


25 


227 


9080 


. . 


22 


200 


9050 


. . 


18 


174 


9650 


+ 1 


14 


120 


8550 


+ 5 


28 


207 


7380 


• • 


25 


190 


7580 


• • 


27 


212 


7850 


+ 4 


24 


197 


8200 


+ 4 


24 


197 


8200 


+ 4 


28 


217 


9450 


+ 9 


19 


172 


9050 


+11 


19 


172 


9050 


+11 



per 100. 




• . 







87 
40 
40 
75 





Prapor* 

tionof 

Tracks 

labrl- 

cated 

wlthOiL 



• a 
. * 



11 

15 
15 

a a 
. . 



Speed 


Beilatanoe 


an 


aton. 


hour. 


corrected. 


klloiQi. 


kila. 


86 


4-64 


88 


4-60 ) 


87 


4-67 


89 


4-43 


44 


518 j 


Mean 


4-67 


84 


5-22 


42 


5-75 


Mean 


5*48 


85 


5-45 


84 


512 


35 


5*54 


42 


5-98 


36 


5-78 


42 


5-66 


Mean 


5-62 



baoi'vations. 



Gross weight of 
a truck, &c., 
>8000kilogB. 

Fine weather. 



Light paying 
load. Fine 
weather. 



Windy. Good 
paying load. 



Pasaenger TVyi iim.— The following refers to Tables G to J ; — 

1. The number of engines employed was one or two to each train; the number of axles 
coupled, at the most, two per engme; and the adhesive weight was from 9800 to 22,000 kilo- 
grammes. 

2. The gross weight of the trains varied from 30 to 116 tons, and the number of carriages to 
a train was from five to twenty. 

3. All the carriages were covered, the proportion of those lubricated with oil being from 7 to 
50 per cent. 

4. The inclination of the line varied firom 0*75 to 10 millimHres, and the minimum radius of 
the curves was 700 metres. 

With respect to the results, we may state the following limits ; — 

1. The force of traction has varied from 505 to 1400 kilogrammes for a single ennne. 

2. The absolute force per carriage has varied ttom 32 to 131 kilogrammes, ana the absolute 
force a ton from 5**08 to 20''*89. 

3. The force corrected for gravity has varied ; — 

A carriage from 21 to 131 kilogrammea 

Aton from 3*75 to 20*26 „ 

Table IX. gives the coefficients for long trains. The number of carriages was from fourteen to 
seventeen. The following is the value of the mean coefficients; — 

ForV = 45* / = 5»»*98 

„ V = 52»« /=6'^*53 

„ V = 60>' / = 8^*05 

Table X. is for short trains. The number of carriages was eight to ten. The following is the 
value of the mean coefficients ; — 

For V = 46*' /= 7**21 

„ V = 58* /= 9^-57 

„ V = 76k / = 14^*55 

The last coefficient is for an express train, the carriages of which offer a greater surface to the 
air than those of ordinary trains. This cause combined with the increased speed to augment the 
coefficient 
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Tablb EL— Pasbenokb Trains. 
t < 8 millimetres. B > 1000 metres. e>0^. n>10. Oalm weather. 



DMignatton of the Train. 



35. April 27, 1862 

36. May 26, 1862 
40-26. April 28, 1866 

44. Jime 8, 1866 

35. April 27, 1862 

35. May 1, 1862 

36. May 6, 1862 
35. May 7, 1862 

40-23. AprU 28, 1866 

35. June 4, 1866 

36. April 30, 1862 
35. Not. 19, 1864 
35. Jmie 4, 1866 



Nnnber 
ofOtf- 
rlagea. 



14 
17 
17 
17 

14 
16 
17 
16 
17 
17 

15 
17 
17 



Groas 
Welgbt 



ton& 
90 
101 
101 
107 

90 
101 
101 
106 
101 
105 

91 

98 

105 



Propor^ 

tlonof 

Oarrlagea 

iQbri- 

cated 

with GO. 



perioa 



30 
17 



Temp^ 
ratnre. 



30 






+14 
22 
20 
25 

14 

• • 

22 
17 
24 
19 



8 
19 



Speed 

an 

boor. 



Mean 

of the 

Bpeeda. 



klloma, I kiloms. 
471 



46 
44 
45 



45 



52 



60 



Beaiat- 

anoea 

ton on 

aLeveL 



kits. 
6-241 
5-54 
6-43 
5-73 

r 

6-95 
603 
603 
6-71 
6-54 
6-95 

8-031 

7-95 

8-16 



Mean 
of the 



kllSL 



5-98 



6-53 



8-05 



Mean 
Reaist- 
aace a 
car- 
riage. 



49 
45 
50 



Mean 
of the 
Bcaiat- 
anoea« 
cax^ 
riage. 






37 



40 



48 



Tablb X.~Pabsingeb Tbaihb. 
I > 3 millimetres. B > 1000 metres, t > 0°. n > 10. Calm weather. 



Deil0DBtIaa of the Train. 



40-35. 
40-35. 

2-16. 

2 16. 
40-35. 
40-32. 

2-16. 



April 24, 1866 
April 26, 1866 



June 6, 
June 7, 
April 24, 
April 25, 
June 5, 



1866 
1866 
1866 
1866 
1866 



33. Maxoh 14, 1866 



Nomber 
ofOsr- 



Groas 
Weight 



8 

9 

10 

10 

8 

9 

10 

8 



tone. 
50 
56 
58 
62 
50 
55 
61 
53 



Pixjpoi^ 

tlonof 

Oarrlagea 

Inbricated 

with OIL 



per 100. 
25 
44 
30 
80 
25 
33 
10 



Tempo* 
rature. 



Speed 

an 
boor. 



+17 
20 
23 
27 
17 
15 
23 
2 



Ulomai 
45 
41 
46 
51 
65 
60 
61 
76 



Mean 
of the 



46 



58 
76 



anoa* 

tonona 

LeveL 




of the 



7-21^ 

9-57 
14*55 



Mean Be- 
aistanoea 
carriage. 



UIs. 

45 

45 

44 

41 

58 

55 

CO 

96 



k>f 
Re- 
dst- 



kila 
44 

58 
96 



Tabli XL— Pabbikoeb Trains. 
Trains of difficult Traction from Tarions causes. 



DedgMlion of (he Train. 


Nnmber 
of Oar- 
rlagea. 


Groaa 

Weight 


Atmoapheric 


Propor- 
tion of 
OuTlagea 
lubricated 
withOa. 


Speed 

an 
boor. 

kiloms. 
55 
48 

51 
43 
43 
45 
45 


Beslatanoe 
corrected 


Obaerratloos. 


aton. 


a car- 
riage. 


31. Dec. 21, 1865 

31. Dm. 21, 1865 

32. March 12, 1866 
82. March 15, 1866 
36. Bee. 10, 1862 
20. Aug. 3, 1866 

40*35. April 24, 1866 


12 
12 

12 
12 
20 
12 
12 


tons. 
65 
65 

79 
72 
72 
116 
73 


T = + 5° 
T = + 5<' 
/ Dry; a little \ 
\wind; T = + 8°/ 
/ Dry; a liUle \ 
\wind; T+ = 8^/ 
j Wind and wet; 
\ T = +7° 
/ A little wind; \ 
1 dry; T = + ^4°/ 
/ Windy and \ 
\dry;T=:+17^/ 


per 100. 

. * 

25 

• • 

42 
17 

Means 


kils. 
11-80 
11-40 

9-55 
11-40 

9-35 
10-19 
12-21 


kilSL 

66 
66 

68 
68 
54 
61 
71 


All the trains of 
this Table have 
been subject to 
the following 
conditions ; — 

• <3 millimetres. 

R > 100 metres. 

<>0°. 

n>10°. 




47 10*84 64 
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Passenger Trains of Difficult Traction. — ^In Table XI. we have brought together seyeral trains 
which offered extraordinary difficulties with regard to traction, either on account of the wind, or of 
very imperfect lubrication of the parts liable to friction. This Table applies to trains having 
more than ten carriages; it gives the mean coefficient of 10^*84 for a mean speed of 47 kilometres 
an hour. The three Tables, IX., X., and XI., have been extracted from the general Tables. 

Resistance of Trains at Starting, — Hitherto we have been considering the resistance of trains in 
motion ; we have now to consider the resistance offered at starting. In this case, the greatest 
force exerted by the engine upon the couplings to overcome the inertia of the train- corresponds to 
the greatest ordinate given oy the dynamometrical curve. Tables XII. and XIII. contain the 
results of a luge numTOr of experiments made with both poasenger and goods trains. 

Table XIL— Bbsistanoe of Passenger Trains at Btartinq. 









Propor- 




Force 


necesaax^ 


to pat 








Nnmber 


Uonof 




the Train in motion 




Designation of the in. 


GroflS 
Weight 


of Our- 
dagos. 


Oarriages 
lubricated 


Tempe- 
ntnre. 








ObaervatiomL 
















with OiL 




Total. 


aton. 


a car« 
riage. 






tons. 




per 100. 


o 


kite. 


UU 


kila. 




17. April 11, 1864 


52 


10 


■ • 


+ 15 


1230 


24 


123 




34. April 27, 1864 


63 


11 


. • 


+ 13 


1150 


18 


104 




85. Nov. 17, 1864 


82 


14 


• • 


+ 8 


2000 


24 


143 




81. Nov. 21, 1864 


85 


18 


. • 


+ 8 


1920 


23 


107 




31. May 4, 1865 


70 


12 


8 


+27 


1880 


26 


156 




2-16. July 20, 1865 


78 


12 


• * 


+20 


1850 


24 


154 




1-43. July 19, 1865 


64 


10 


10 


+ 17 


1140 


18 


114 


Engines with free 


2-43. July 19, 1865 


83 


13 


• • 


+17 


1580 


19 


121 


wheels.^ 


2 16. July 21, 1865 


97 


15 


7 


+20 


1960 


20 


130 




2-43. July 21, 1865 


77 


13 


15 


+20 


1810 


24 


139 




1-38. July 21, 1865 


40 


7 


. . 


• • 


1160 


29 


166 


Ditto. 


31. Dec. 21, 1865 


73 


14 


. . 


+ 5 


2150 


29 


153 




32. March 12, 1866 


79 


12 


33 


+ 8 


1840 


23 


153 




33. March 13, 1866 


52 


8 


• a 


+ 6 


1080 


21 


135 


Ditto. 


32. March 13, 1866 


88 


14 


28 


+ 7 


1730 


20 


124 




33. March 14, 1866 


53 


8 


• ■ 


+ 2 


1090 


21 


136 


Ditto. 


82. March 14, 1866 


78 


12 


25 


+ 6 


1280 


16 


106 




83. March 15, 1866 


52 


8 


. . 


+ 2 


1350 


26 


169 


Ditto. 


82. March 15, 1866 


72 


12 


25 


+ 8 


1900 


26 


158 




40-35. April 24, 1866 


70 


12 


16 


+17 1700 


24 


141 




40-32. April 25, 1866 


55 


9 


33 


+15 1320 


24 


147 




40-35. April 26, 1866 


bQ 


9 


44 


+20 i 1200 


21 


133 


The mean a ton is 


40-34. April 27, 1866 


81 


14 


20 


+26 2100 


26 


150 


= 22; the mean 


40-23. April 28, 1866 


101 


17 


30 


+24 


1800 


18 


105 


a carriage = 134. 


41-26. April 28, 1866 


67 


11 


• • 


+20 1320 


20 


120 




40-26. April 28, 1866 


101 


17 


30 


+20 1650 


16 


97 




35. June 4, 1866 


105 


17 


• » 


+19 1650 


16 


97 




2-13. June 5, 1866 


49 


9 


11 


,+20 ' 1500 


30 


166 




2-16. June 5, 1866 


61 


10 


10 


+23 : 1700 


28 


170 


1 


2-43. June 6, 1866 


68 


11 


9 


+ 18 , 1430 


21 


130 




2-16. June 6, 1866 


58 


10 


30 


+23 , 1330 


23 


133 




1-16. June 7, 1866 


53 


10 


10 


+25 ' 1750 


33 


175 




44. June 8, 1866 


107 


17 


17 


+25 


2000 


17 


117 


Engines with free 


















wheels. 



Nate,—Th^ line is level, or inclined less than 1 millimetre. 



It will be seen firom Table XIII. that the mean force required was 13 kilogrammes a ton. 
For very long trains, a force of 8, and in some cases 6, kilogrammes only was sufficient to put the 
train in motion, a circumstance which is explained by the fact that the carriages of a train start 
each in succession, and not simultaneously. The mean force requisite for passenger trains was 
22 kilogrammes a ton, or about 134 kilogrammes a carriage. It must be remembered that these 
figures refer only to instances when the start has been gentl;^ accomplished; when the train is put 
in motion in an abrupt manner a considerably greater force is exerted. 

Generally, it may be stated that passenger trains require a force nearly twice as great as that 
necessary for goods trains. The causes of this are the tight coupling of the former, and the 
necessity of getting the train sooner into rapid motion. 

Analysis of the Resistance of Engines. — A series of experiments were undertaken to determine 
separately the portion of the whole resistance due— 

1. To the rolling of engines considered as mere vehicles ; 

2. To the friction of the side connecting-rods ; 

3. To the friction of the pistons, conne^ing-rods, and cross-heado. 
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Table XIIL— BBSUTAMoa or Gtooos TBAnro at Stabtimo. 



DerigMdoo of tlM 1 


rnln 


GroM 
WelgbL 


Naof 
Tracks, 


Proportion of 
Tracks labri- 
CBted with OIL 


Tempem- 
tnxe. 


Force required to put 
the Train in motion 


OtiervAtions 








a 














Total 


A ton. 








tons. 




per 100. ' 


o 


klU, 


kil& 




91. March 17, 


1864 


160 


25 


• • 1 


+ 2 


2800 


11 




78. Maroh 17, 


1864 


478 


47 


. . 


+u 


5220 


11 


Double traction. 


88. March 18, 


1864 


241 


• 29 


. . 


+12 


3270 


11 




89. March 18, 


1864 


264 


88 


8 


+11 


3560 13 




83. April 6, 


1864 


802 


51 


. . 


• • 


4020 13 




81. April 11, 


1864 


254 


43 


5 


+12 


3880 


15 




78. April 12, 


1864 


800 


28 


8 


+12 


3740 


13 




91. April 13, 


1864 


838 


40 


. . 


+ 7 


8550 


10 




78. AprU 13, 


1864 


534 


55 


. . 


+19 


6600 


12 


Doable txaction. 


89. April 14, 


1864 


267 


48 


9 


+ 8 


3720 


14 




88. April 14, 


1864 


322 


88 


. . 


+19 


4620 


14 




40-69. April 28, 


1864 


278 


85 


8 


+2b 


3340 


12 




66. April 15, 


1864 


264 


29 


* * 


+20 


3500 


13 




40-62. April 28, 


1864 


511 


60 


.. 


+18 


3160 


6 


Doable traetioD. 


40-69. April 29, 


1864 


184 


31 


• • 


■ • 


3090 


17 




81. June 17, 


1864 


836 


55 


. » 


+21 


4400 


13 




1*67. Jane 20, 


1864 


834 


46 


11 


a. 


5550 


17 




1-68. June 20, 


1864 


245 


32 


8 


. * 


3060 


12 




1*68. June 21, 


1864 


804 


33 


15 


. . 


3750 


12 




1-64. Jane 22, 


1864 


298 


45 


. * 


. . 


4800 


16 




1*67. July 6, 


1864 


269 


41 


12 


+16 


3040 


11 




1*70. July 7, 


1864 


862 


30 


18 


. * 


4100 


15 




1*68. July 8, 


1864 


295 


29 


6 


. . 


4340 


14 




1-67. July 26, 


1864 


170 


28 


15 


. . 


3020 


18 




75. Aug. 81, 


1864 


297 


41 


7 


+20 


2880 


10 




66. Aug. 31, 


1864 


332 


34 


25 


. . 


3150 


10 




81. Sept. 1, 
75. Feb. 13, 


1864 


315 


52 


7 


+25 


2620 


8 


Engine, type 20. 


1865 


175 


88 


25 


- 3 


2390 


14 




61. Feb. 14, 


1865 


206 


39 


10 


- 8 


2540 


12 




78. Feb. 14, 


1865 


185 


22 


10 


- 1 


3060 


16 




2-65. July 20, 


1865 


255 


35 


20 


+20 


3250 


13 




2-65. July 21, 


1865 


259 


89 


30 


+25 


3440 


13 




74. Jan. 9, 


1867 


370 


41 


• . 


. • 


4080 


11 




1*64. Jan. 14, 


1867 


204 


21 

• 


. * 


• . 


3620 
Mean .. 


18 






13 





Note. — ^The line fa level, or inclined leas than 1 millimetre. 

To aooomplish this, an engine having its steam up and being properly oiled was drawn, without 
a tender, behind the dynamometer car. 

The results of these experiments are given in Table XIV. 

1. For a mixed engine in full gear, but without tender, 

V = 28^ /= 9*60 

For a goods engine in full gear, but without tender, 

V = 28k /«: 12^-20 

2. It is impossible to draw any oonclusian from the reduction of the resistanoe due to the sup* 
pression of the side oonnecting-rdds ; and, indeed, we see that the resistance has been greater on 
several occasions when the side connecting-rods were suppressed than when the engine was in full 
gear. The difference in these cases must be attribute to the condition of the lubricated parts. 
But a great influence from the connection of the wheels was not to be expected, seeing that the 
experiments were made on a straight piece of line, and that the tire was very round. 

3. The influence of the pistons, connecting-rods, and cross-heads was, however, clearly shown. 
For mixed or goods engines, the resistance of these parts is about 48 per cent, of the whole resist- 
ance of the engine in full gear. 

It must be remembered that these results refer only to engines which are not working. If the 
engine is at work, its parts are subject to totidly different pressures, and the reeistanoe is changed 
in a like degree. (See Notes D and H.) 




engines at a speed of 28 to 85 kilometres, and 6^-15 for goods engines 

27 kilometres. For engines with four axles coupled (out of gear), at a speed of 6 to 10 kilometres, 
we find / = 11 kilogrammes. • ^^ 

In tlus kind of engine the resistance due to the mechanism is also about half the total resist 
anoe. These poweifu engines when moving at a low rate of speed offer a resistsnoe much greater 
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than thai of other engines, because there is in their mechanism a lai^er snrface subject to friction, 
the weight of their parts is greater, and their wheels are smaller. 

Causes which may Infiuence the Coefficients of Resistance in Carriages, — Ab we did in the case- of 
engines, so in the case of carriages we have endeayoored to discover the various causes which may 
induence the coefficients of reeostanoe. On a level, and in a straight line, this resistance is com- 
posed of two elements ; — 

1. The friction of the wheels ; 

2. The resistance due to the atmosphere. 

If the rate of speed is very low, the second element disappears. 

Neglecting, therefore, the resistance due to the atmosphere, we have oonslderea the influence 
of lubrication, of the diameter of the journals, and of the extent of the surface subject to friction. 

MftHwg B the resistance of a vehicle ; 

p its weight, minus the wheels; 
p' the weight of the wheels ; 
d the diameter of the journals ; • 

D the diameter of the wheels ; 
f the coefficient of rolling at the circumference ; 
/" the coefficient of the friction of the journal upon its bearings ; 
we have 

R = (P+l>')/' + l>rXg. [B] 

Friction in <m Oil-box.^ln the Table of the mean resistance of the carriage moving at different 
velocities, we saw that for a covered carriage lubricated with oil, the mean resistance R = 11 kilo- 
grammes (p + p' = 5500 kilogrammes), at a speed of 1 to 5 kilometres. 

At this rate of speed, the resistance of the air may be neglected, and we may state 

11 = 5500 X 0-001 + 3900 x 075/". [E] 

•(In the rolling stock of the Eastern Company, upon whose line the experiments were made, 
D = 1 metre, d = O^-OTS, and/ is admitted to be = O'OOl.) 

From [El we deduce /' = 0-018. 

This is the coefficient of friction in an oil-box, where the lubrication is continuous, at a low 
rate of speed. 

Friction in a Grease-box. — From the special experiments made in 1862, the mean of the ratios 
between the traction of a carriage lubricated with oil and that of a carriage lubricated with grease 
was found to be 1 '35. 

E(iuation [E] therefore becomes 11 x 1-35 = 5500 x 0-001 + 8900 X 0075/"; when we 
deduce/" = 0-032. 

Friction for a Whole Train, — ^Taking, in our experiments, trains made up chiefly of carriages 
lubricated with oil, and moving at a rate of speed not exceeding 20 kilometres, the results obtained 
were the following ;— 

(/ = 001.) 

Experiment No. 189, / = 2^-7, whence /" = 0-026 

18&, /=2''-4, „ r = 0-021 

„ 166, /=2k-7, „ /" = 0-026 

„ 167, / = 2^-6, „ /"= 0-025 

„ 169, f=2^3, „ /" = 0-020 

„ 172, / = 2*^-2, „ /" = 0-019 

For a train having only 10 per cent, of carriages lubricated with oil, we have 

Experiment No. 99, / = 3^-1, whence /" = 034. 

/*', the friction oi the journals, is calculated by means of equation [E], in which B = / x G; 
G being the gross weight of a carriage expressed in tons. 

Influence of the Load upon the lUction ^ the Journals, — The mean ^roes weight of the carriages 
on which the experiments were made differed widely, jei the coefficients /" remained nearly the 
same, from which we conclude that the friction of the journals is independent of the load, so long 
as the wheels turn freely, and the influence of curves and of the atmosphere is absent. 

Friction in the Boxes of a Tender. — For a tender weighing 19,000 kilogrammes, moving at a speed 
of 25 to 30 kilometres, it was found that f* = 0*043. (Grease-boxes.) 

Fridton in the Boxes of an Engine, — For an engine of the types 14 and 15, weighing 80,000 kilo> 
grammes, at a speed of 25 to 30 kilometres, f s= 052. (Lubricated with oil, and the mechanism 
out of gear.) 

Pressure a Square Centimitre of Surface subject to iWc^ion.— Calculating the pressure from the 
foregoing figures, we find 

For carriages loaded with 10 tons 17^*90 

„ engines 13^-20 

„ a carriage loaded with 5 tons 11^-90 

Influence of the Extent of Surface en the FnctUm of the Journals,— Vot carriages, the mean surface 
subject to friction is, per journal, 188 square centimetres : for engines (types 14 and 15) it is 452 
centimetres, there is, therefore, in this respect, a great difference between carriages and engines. 

Now, for carriages, we found /" = 0-018 

And for engines /" = 0053 

4 Q 2 
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18 
The ratio of tliefle ooeffloienta gives ^ = ^'^^^ ^® ^^^^^ valae is obtained by nislng the 

4 
ratio of the surfaoes to the power ^ . There is, thereforOi an advaDtage, from the point of view of 

tractioiii in reducing to its minimum the surface subject to friction ; taking carCi of course, that 
the journals have sufficient dimensions to prevent their breakingi and to allow the wheels to turn 
freely. 

This double consideration, the reduction of the dimensions and the resistance of the joumalsi 
has led to the construction of cast-steel axles. The results havoi however, not been satisfactory ; 
cast steel Ib brittle ; Beasemer steel which is softer than cast steel, and of greater resisting power 
than iron, would no doubt offer greater advantages. 

Friction on the Journals of Carriages at Starting. — We have already seen that the resistance of a 
carriage lubricated with oil, is at starting 48 kilogrammes (8'' '70 a ton). The equation thus 
gives /' = 0*145 for the friction of the journals at starting. Experiments have shown us 
(Table XJH.) that this coefficient is nearly the same when the lubrication is effected by means 
of grease. Until the train has moved a distance of some 50 metres, the advantage of oil is not 
apparent, especially if the temperature is much above 0°. This is no doubt owing to the fluidity 
of the oil wnich in some degree runs from the surfaces subject to friction while the train is 
stationary. 

Table XY. — ^Friction on thk Joubnals of Gabbiaqis. 

R > 1000 metres. T> 10^; no wind. 



Number of the Experiment 


Proportion of 

OuTbges iubri. 

cated with on. 


speed an 
nour. 


Ooefflcientofthe 
total FViction. 


Ooefflcientofthe 

Friction on the 

Jonrnala. 


Oroia Weight 
aoarriage. 


No. 8, Table A .. .. 
,1 10 ,1 A .. 
«» 40 ,1 D ,, •■ 

" *2 "2 " ** 

l, Ot7 II D • • • ■ 

»»??»» 5 •• •• 

„ 100 II c .. .. 

,i 102 ,1 C .. .. 
ii 103 II .. .. 
„ 105 II .. .. 
II 106 II G «• •• 

H 110 II 1J m» •• 

II X09 II u •• •• 

,1 lOU II Lf a» •• 

„ 152 „ D ., .. 
„ 154 ,1 B ., 
1, 156 D B •• •■ 
91 163 ff B •• .. 


perlOO. 

• • 

• • 

• • 

a • 
. * 
• • 

8 

• • 
•• 
• . 
•• 

• • 
. • 
11 
11 

7 

7 

20 

Means .. 


kiloma. 
19 
20 
25 
31 
33 
22 
23 
26 
17 
17 
10 
19 
15 
17 
19 
15 
16 
15 

1 


4 

0*0031 
0*0031 
0031 
0029 
00034 
00031 
0*0030 
0032 
00028 
0*0032 
0*0029 
0*0031 
00033 
0*0031 
0*0026 
0*0031 
0*0031 
0*0031 


0-035 
0-032 
0033 
0*030 
0-038 
0-034 
0*033 
0*036 
0*033 
0*039 
0-035 
0*036 
0*038 
0033 
026 
0037 
0*038 
0036 


kiloRIL 

8.250 

10.700 

10.900 

10.730 

10.300 

9.420 

7.950 

8.480 

5.940 

6,120 

6.030 

6.280 

7,900 

9.750 

9.420 

6.300 

5,920 

7,250 




20 


00031 


0-035 


• • 



Influence of the Temperature on the Resistance, — In the case of trains lubricated with oil| the 
influence of the temperature is not appreciable. The advantage possessed by oil over grease, to 
which we have already called attentioUi is for a moderate temperature ; in winter this aidvantage 
is greater. The addition of a small quantity of petroleum to the ordinary oil prevents congeala- 
tion in the lowest temperature to which our climate is liable. 

Table XVI. shows the influence of temperature on the resistance of trains lubricated with 
grease ; it divides into two serieSi trains having only 10 per cent, of oil-boxes and offering the 
same oiroumstances of linoi load and speed, in calm weather. 



1st series. Temperature ftom O^to 2P /s5'22 



2nd series. 



n 




For low temperatures the increase is 50 per 
oent. 

Influence of Inclines on the Resistance. — ^The 
equation [B] supposes the line to be straight 
and level ; for an incline, making an angle a 
with the horizon, it becomes 

Within the limits of inclines existing on 
railways, oos. a differs but little from unity, 
and sin. a may be replaced by tan. a. Fig. 2610. Putting t for the value of tan. a, in xniUimHreo, 
we have as the radstanoe of a carriage moving in a straight line and on an inoline. 



B = cos. o 



((P+p')/'+pr5) + (f+p')«in. 



or R^Cp+POZ+fr+POt. 



[F] 
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Table XVI. — Ikfluenob of Fbost. 
Wind, hardly perceptible. Speed, 25 kilometres an hour. 



Nnmber 
of the 

Experi- 
meot 


ProportioD of 
Carriaees 
Inhrtcated 
withOU. 


Temperatore. 


Least KadlQg of the 
CorveflL 


Grom 

Weight a 
carriage^ 


Speed 

an 
hour. 


Coefficient 

of 
Traction. 


ObserratkUb 


36 

37 
43 
44 
45 
160 


per 100. 

3 

3 

about 10 

„ 10 

„ 10 

„ 10 

8 

about 10 

„ 10 

7 
about 10 

7 


o 
-2 
-1 
-3 
-3 
-2 
-3 

+ 20 
at least 15 

+ 15 

+ 20 
at least 15 

+ 20 


mbtras. 

1500 
1000 

straight 
1500 
1000 

straight 

Means 

1200 
at leant 1000 
straight 

2000 
at least 1000 

1000 

Means .. 


kllogs. 

6730 

6850 

7600 

7600 

7000 

5280, 


kiloma. 
25 
27 
26 
25 
25 
26 


kllogs. 
4-88 
5-37 
4*69 
4-76 
5-23 
6*40 


It win be seen that 
thea0 two series of 
trains have, with 
the exception of 
temperature, been 
subject to similar 
conditions. 




6940 


26 


5-22 


100 
115 
140 
144 
114 
146 


7950 
6280 
7920 
7280 
6350 
6820 


23 
19 
23 
27 
26 
30 


304 
312 
3-76 
3-83 
8-70 
3-41 






7100 


25 


3-47 





Former experiments showed B to be considerably less than the valne g^ven by the equation [F]. 
The results of our labours enable us to assert that this equation is rigorously exact. 

Table XVII., which is made up of trains subject to the same conditions of loading, lubrication, 
owes, and atmosphere, places the matter beyond a doubt. 

Table XVII.— 1st series. Mean inclination, 1"» - 46 ; we have / = 3 18 
2nd „ „ 4«m.44 ^^ / = 2-97 

3rd „ „ 9«»-50 „ / = 3-25 

The value of/ was calculated by the equations [F], R being ^yen by experiment. It will be 
aeen that the ooe£Bcient of resistance does not decrease when the inclination increases. 

4 th series. Mean inclination, S*""" '18; we have / = 3 * 39 
5th „ „ 9-"-25 ^ /=8-96 



n 



n 



n 



We find rather an increase for the greater incline. 



6th series. Mean inclination, I6'"<"*79; we have / = 2*56 
7th „ „ 2"»05 „ /=8-40 



If 



n 



n 



But here we must remark that the trains of the 7th series were furnished with fewer oU-bozes, 
that they were twice the length, and moved at twice the speed of those of the 6th series. 

We may therefore conclude that, upon an incline, the coefficient of resistance a ton is found 
by adding to the coefiScient on a level, obtained under the same circumstances, as many kilo- 
grammes as there are thousandths in the inclination. 

This law is rigorously true, and if the conclusions of some who have considered the subject 
have been opposed to it, it is probably because they have not made their experiments under 
identical circumstances of speed and length of train. 

Injiuence of the Length of a Train on the Besistance. — In passenger trains moving at rates of speed 
greater than 40 kilometres an hour, the resistance of the air forms an important part of the wnole 
resistance. The action of the air is greater upon the first carriage than upon the others, whence 
it follows that the resistance per carriage decreases as the length of the train increases. This fact 
is verified in Tables IX. and X. When the radii of the curves are much below 1000 mbtres, this 
law will not hold good, because the influence of the air will be destroyed by that of the curve. 

The length of goods trains may vary within much wider limits than those imposed on passenger 
trains. In a straight line, or on a curve of a very long radius, the length has no atpprcciable 
influence. And, as a fact, it was found that the coefficients for tiains of 50 or 60 trucks were very 
small. But if the radius of the curve is less than 1000 metres, an increase of length causes an 
increase of resistance. It must be remembered that in this case the resistance of the air is not the 
only retarding force to be considerea. There is an additional friction on the tire, caused by the 
direction of the force of traction not coinciding with the axis of the carriages. 

Influence of Curves on the Besistance, — The gauge, or normal breadth of the line on the Chemin 
Ufer de fEst is fixed at 1**447 of clear space between the rails. This allows a carriage-axle to 
ran upon a curve having a radius of 444 metres, without sliding or friction of the flanges. In the 
case of passenger trains composed of 10 to 20 carriages and moving at a rate of speed of 85 to 
50 kilometres an hour, we were unable to discover the smallest influence. It is true that the 
shortest radii of the curves on which our experiments were made were of 800 metres. At a rate 
of speed exceeding 50 kilometres, the influence of the curve became apparent. In tnun 81^ 
Table H, experiments 60 and 61, this influence was 5 per 100. 
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Table XYII. — Ikflusnce of Inolineb on the Coefficient of BEsiSTAircn. 
Speed, 15 to 25 kilometres an hour. Wind, hardly perceptible. 



Number 
of the 

Expert- 
ment. 



Inclination 
of the Line. 



105 
150 

Mean .. 

154 
152 
8 
103 
106 
115 

Mean •• 

139 
163 

Mean .. 

Ill 
113 
134 
138 
165 
167 
168 
176 
181 
177 

Mean .. 

lOT 

137 

184-185 

Mean .. 

186 
187 
188 
189 

Mean .. 

123 

124 
125 
126 

Mean .. 



millimetres. 



3 
3 
6 
5 
8 
4 



9 
10 



5 
5 
5 
5 

4 
5 

4 
4 
5 
5 



9 
9 
9 



15 
16 
19 
15 



16 



2 
1 
3 




43 
50 



46 



50 
50 
00 
70 
50 
50 



44 



00 
00 



50 



70 
66 
70 
66 
42 
00 
84 
80 
00 
00 



18 



25 
25 
25 



00 
89 
80 
50 



79 



40 
40 
50 
90 



205 



JUdliuofthe 
Carvea. 



Speed 
anhotfr. 



Number 

of 
GarriageB. 



Proportion of 
QuTiagea 
lubricated 
with OU. 



m^trea. 

} 1000 I 



j kiloma. 
I 17 
I 17 



1000 



17 



1000 



1000 



16 



\ 1000 I 



15 
15 



1000 



15 



7 to 800 ' 17 



700 

to 

800 



20 
15 
16 



25 7 to 800 



17 




4to600 



16 
12 
10 
17 



14 



400 

to 

600 



25 
29 
21 
21 



4. to 600 



26 



55 
34 



44 



41 



40 
35 



38 



37 



46 
28 
33 



36 



12 
12 
12 
16 



13 



30 
80 
30 

80 



30 



Absolnte 
Force a ton. 



15 


51 


19 


32 


19 


26 


17 


31 


10 


54 


19 


49 





' 20 


36 




17 


82 




15 


8.5 


700 

to 

800 


20 
17 
13 
19 


31 
38 
38 
35 




17 


44 




16 


40 


/ \ 


16 


44 



per 100. 

• • 

11 



7 
11 

m • 



20 



8 
8 
6 

• • 

76 
70 
50 
36 
30 
36 



11 
18 
42 



66 

66 

66 

100 



74 



13 
13 
13 
13 



13 



Force aton, 
correoted. 



dMerrationa. 



kiloga. 



3 
5 



6 
6 
9 
8 
6 
7 



12 
13 



17 



8 



13 
13 
12 



13 



17 
19 
22 

18 



19 



5 
5 
7 
3 



65 
64 



64 



65 
15 
10 
55 
45 
82 



47 



35 
15 



75 



57 



45 
72 
47 



21 



60 
42 
18 
24 



35 



58 
23 
10 
90 



5*45 



9 


•87 


10 


18 


9 


•44 


9 


•00 


7 


65 


7 


56 


7 


■85 


7 


55 


8 


■66 


8 


05 



kiioea. 
3-22 
314 



318 



315 
2-65 
310 
2-85 
2-95 
312 



2-97 



3-25 



417 
4-47 
3-74 
3-34 
2-23 
2-56 
301 
2-75 
3 -56 
3-05 



3*39 



4-20 
4-47 
3-22 



3-96 



2-60 
2-53 
2-38 
2-74 



2-56 



3-18 
3-83 
3-60 
3-00 



3-40 



}Pi 



First series. 



Second series. 



8-35 l\mu-«J 

3.25 j I Third series. 



» Fourth series. 



Fifth 



Sixth series. 



Seventh series. 



Table XV III. shows the influence of curres upon goods trains. The mean speed (20 to 30 kilo- 
metres) and the mean number of vehicles (26 to 56) were about the same for the different trains. 
The following are the results; — 

1. When the length of the curves met with in a given distance is less than 20 per 100 / = 4^*43 

2. When the length of the curves in the given distance is between 20 and 50 per 100 / = 4*^*76 

3. When the length of the curves is greater than 50 per 100 / = 5^-12 

We have considered the line as straight when the radius of the curve has been greater than 
2000 metres. The radii of the other curves were between 1000 and 2000 metres. It is ^own« 
therefore, that curves of a long radius exert a sensible influence upon goods traina 
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Our experimentB have shown u that if we denote the ooe£3elent of redstuioe a ton in a 
straight line by /, 

The ooeffloient on a eurye of 1000 metres will be /+ 1 

And „ „ 800 „ /+1-50 

Tnfuence of the Condition of the Permanent Way upon the Besistanoe. — The rails upon which the 
greater part of our experiments were made are 6 metres in length, and the joints are covered with 
plates. When the condition of the permanent way is not good, when, for example, it is near the 
time for repairs, the train is subject to more or less violent shocks according to the rate of speed. 
A caae of this kind occurred to the express trains No. 83 of the ISth to the 16th Ifarch, 1865, Faris 
to Strasbourg. The way was in a bad state from the kilometre-post 96 to post 115. Comparing the 
force and the speed on this section of the line with the force and speed in an adjoining section 
which was in a good condition, offering the same circumstance of curve, viz. from post 74 to post 84, 
we find for the way in a bad condition ; — 

1. Train Sa March 18, for V = 67* /=112* 

2. „ „ 14, for V = 59* /=100* 

3. „ „ 15, for V = 67* /=125* 

Mean .. .. yr:64* and /= 112* a carnage. 

And for the way in a good condition ; — 

1. Train 83, March 18, for V = 72^ ., .. .. /=115* 

2. „ „ 14, for V = 75* /= 95* 

8. „ „ 15, for V = 77* /=182* 

Mean .. .. y = 75* and / = 114* a carriage. 

Tliiis, it may be stated tiiat, on account of the bad condition of the permanent way, the speed was 
reduced from 75 to 64 kilometres without any reduction of force. The increased resistance was due 
to shocks and a certain amount of friction on the flanges. 

Influence of the Coupling on the Resistance. — The force required to start a train and the resistance 
on curves of small radii are influenced by the degree of tension given to the couplings. In Roods 
trains, the couplings being usually loose, the trucks are put in motion one after another, and con- 
sequently the whole train is started with a smaller expenditure of force than in the case in which 
the engine has to overcome the inertia of the whole train at once. In passenger trains the couplings 
are mi^e very tight to prevent oscillation when in rapid motion, aud our experiments in these cases 
have shown that a considerably greater force was required at starting than in the preceding case. 
Figs. 2600, 2601, give two dynamometrical curves from which the dmerence of force required to 
stiut a tram, caused by the mode of coupUng, may be clearly seen ; — 

1. For the goods train 75, February 13, 1865 ; 

2. For the passenger train (2) 16, June 5, 1866. 

Influence of the Speed; Resistance of the Air. — ^The greater the speed, the greater is the resist- 
ance of the air. The oscillation of the carriages, also, increases with the speed, especially upon 
curves, and the friction of the tiro becomes in a proportionate degree greater. Consequently, the 
resistance of trains generally must depend in a great measure upon the speed. 

1. Passenger Trains, — Our experiments upon short passenger trains give 

For V = 39'' / = 6**54, or about 40* a carriage. 

„ V = 46* /= 7*21, „ 44* 

„ V = 58* /= 9^-67, „ 58* „ 

„ V = 76'« /= 14^-55, „ 96* 

Fig. 2601 gives the curve representing the law of the resistance according to the velocity. The 
same figure gives the curve of tne resistance for trains composed of more than 10 carriagea It will 
be seen that the law of increase of the ordinates in function of the abscissa), which represent the 
velocities, is Ifiaa rapid. We will give four points of this curve ; — 

ForV = 35* /= 6* -67, or about 35* a carriage. 

„ V = 45* /=5*-98, „ 37* 

„ V = 52* /= 6^-53, „ 40* 

„ V = 60* /=8*05, „ 48* 

2. Ooods Trains, — The nature and length of goods traius being very variable, it is much more 
difficult to asoertain the influence of the speed. • By referring to Table XV III. it will be seen that 
the resistance increases by about 1 or 2 per 100 for an increase of speed of 1 kilometre within the 
limits of 20 to 30 kilometres an hour. (Bee Note G.) 

3. Mixed Trains,^We flnd 

ForV = 40* /=4*-67 

„ V = 50* /= 5^-60 

These ooeffloients are eonsiderably smaller than those for passenger traina This is because the 
paying load is much greater in mixed trains, and because the resistance of the air has much less 
influence on the coefficient of resistance a ton gross weight. 
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Infiuenoe of the External or Atmospheric WtW.— Besides the resistance of the air, we have that 
due to the atmospheric wind. 

Train No. 9, August 13, 1860 (from Paris to Ghftteau-Thierry, Figs. 2611, 2612), and irain 20, 
of the same day (from Gh&teau-Thierry to Paris), composed of tne same carriages, and moving in 
the same atmospheric oircumstanoes between 10 o'clock in the morning and 5 o'clock in the after- 
noon, were both experimented on by means of the dynamometer car. 

The direction m>m Paris to Ch&teau-Thierry is shown below, opposite the direction of the wind 
observed during the joxunev. The line winds a little, but if we consider the whole of the journey, 
it will be seen that the train had, on going, the wind nearly behind, and, on returning, the wind 
was of course a head-wind 



W 




w 




The absolute velocity of the wind was determined by two observations made, by the oompaaa 
and vane, within a few minutes of each other. The first was made in the station at Gh&teau- 
Thierry, a little before the departure of train 20 ; the second during the journey on a long piece of 
straight line within a kilometre of Gh&teau-Thierry. It may be assumed that, during the interval, 
the direction and the absolute velocity had not ohemged. 

Thus we knew ; — 

1. The angle made by the actual direction of the wind with the direotion of the train when 
stationary, equal to 40°. 

2. The angle made by the relative direction of the wind with the direotion of the train when 
in motion, equal to 15°. 

8. The speed of the train, that is, of the artificial wind created by the motion of the train. 

Under these conditions, on account of the swiftness of transport, the vane serves as an anemo> 
meter. We may thus construct the parallelogram of the velocities, and deduce the value of the 
actual velocity of the wind. 

The absolute velocity of the wind was, by this means^ found to be 8"^* 40 a second. 



TaBLB 2L V11X.—XKFLUEN0B OF 


Gttbveb upon TBACmON. 


DeslgiiattoD of the Train. 


Dedgnationofthe 
SectfoDA of Line. 


^eedan 
, now. 


Number of 

Oftrriaeefl» 

he 


Ooeflkientof 
Traction. 


Obeervmtknw. 


64. Marohl9,1863.. 
85. Feb. 27, 1863.. 

85. Feb. 27, 1863.. 
62. Feb. 27, 1863.. 
62. Feb. 27, 1863.. 

86. Feb. 22, 1863.. 
85. Feb. 22, 1863.. 
78. March 17, 1864.. 
78. March 17, 1864.. 

80. March 19, 1864.. 
89. March 18, 1864 . . 
89. March 18, 1864.. 
88. March 18, 1864.. 
83. Apra6, 1864.. 

81. April 11, 1864.. 
78. AprU13, 1864.. 
88. April 14, 1864.. 
88. April 14, 1864.. 
88. April 14, 1864.. 

40-69. Apra29, 1864.. 
75. Aug. 31. 1864.. 
75. Aug. 31, 1864.. 
66. Aug. 31, 1864.. 
66. Aug. 31, 1864.. 


kUometre-posL 
140 to 129 
148 „ 166 
191 „ 198 
169),, 165 

153 „ 149 
150 „ 161) 
189 „ 198) 
203),, 199 
199 „ 190) 
139 „ 135 
148 „ 154 

154 „ 161 
204 „ 199 

57 „ 62 

120 „ 134 

197 „ 193 

203 „ 199 

199 „ 191 

169 „ 167 

28),, 81 

9)„ 14 

23),, 26) 

41),, 39 

25),, 23) 


UlomdtTM. 
27 
25 
28 
26 
28 
26 
25 
29 
29 
25 
29 
27 
26 
26 
26 
23 
26 
26 
26 
25 
22 
27 
26 
29 


29 
87 
41 
80 
80 
87 
37 
47 
47 
80 
38 
38 
26 
44 
43 
65 
85 
85 
38 
31 
42 
42 
31 
38 


Ulogrammcfl. 
4-28 
4-88 
6-33 
8-65 
2-63 
4-78 
4-88 
4-82 
4-68 
4-27 
4-78 
485 
4-84 
4-93 
6-68 
4-15 
4-27 
4-43 
4-63 
4 21 
3-73 
3-83 
3-67 
412 


The distance travelled 
on a curve is less than 
20 per 100 of the total 
dibtance. 




Means .. 


26 1 


37 


4-43 





DTNAMOMETEB OAB. 



18S7 



Tabu Xym.— Iktlxjxkob of Gubyxs xtfon TsAcnoir— coiKAtiied. 



DesIgDatfcn of the Train. 



DetlgnatSon of tha 
SecttoDS of Une. 



85. Nov. 26, 1862.. 
85. Nov. 26, 1862.. 
77. Deo. 6, 1862.. 
77. Deo. 6, 1862.. 
64. Ifaichl9, 1863.. 
64. Marohl9, 1863.. 
85. Feb. 17, 1863.. 
85. Feb. 17, 1863.. 
62. Feb. 27, 1863.. 
62. Feb. 27, 1863.. 
85. Feb. 27. 1863.. 
85. Feb. 27, 1863.. 
83. March 16, 1864.. 
83. Marohl6, 1864.. 
80. March 19, 1864.. 

80. March 19, 1864.. 

81. April 11, 1864.. 
81. April 11, 1864.. 
66. April 7, 1864.. 
66. April 7, 1864.. 
88. April 14, 1864.. 
75. Aug. 31, 1864.. 
66. Aug. 31, 1864.. 
81. Sept. 1, 1864.. 



85. Nov. 26, 1862.. 
85. Not. 26, 1862.. 
85. Nov. 26, 1862.. 

77. Deo. 6, 1862.. 
64. Marohl9, 1863.. 
63. March 16, 1864.. 
89. March 18, 1864.. 
83. April 6, 1864.. 
81. April 11, 1864.. 
81. April 11, 1864.. 

78. AprU12, 1864.. 
78. AprUlS, 1864.. 
85. Nov. 26, 1862.. 

77. Dec. 6, 1862.. 

80. March 19, 1864.. 
83. Marohl6, 1864.. 
83. April 6, 1864.. 

81. April 11, 1864.. 
66. April 7, 1864.. 

78. April 12, 1864.. 



kikiniitre*poet. 

70 to 78 

86 „ 91 

67 „ 78 

89 „ 94 

124 „ 118 

113 „ 109 

176 „ 180 

180 „ 187 

185 „ 177 

164 „ 159 

163 „ 170 

176 „ 184) 

661„ 72 

72 „ 78 
122 „ 117 
115 „ 110 

86 „ 91 

110 „ 115} 

73 „ 67 

61 „ 65 
182 „ 176 

57 „ 61 

62 „ 56} 
67 „ 60 

Means .. 

67 to 70 



Speed an 
honr. 



Number of 
Oftniages. 



Ooeffldentof 
TiacUon. 



Obaerratloni. 



80 



n 



83 



103 „ 113 

108 „ 109 

104 „ 95 
79 „ 83 

176}„ 182J 
69 „ 76 
67 „ 71 

95 „ 103 

109 „ 104 
181 „ 177 

99 „ 102 

100 „ 103 



81 
78 
79 



78 

82 

82 

79 „ 82 



91 
9» 



102 



n 



78 
99 



kllomMrea. 




80 


33 


28 


33 


26 


28 


29 


28 


28 


29 


27 


29 


25 


89 


27 


39 


25 


28 


29 


30 


25 


87 


24 


87 


22 


29 


24 


29 


29 


80 


27 


80 


28 


43 


26 


48 


25 


34 


25 


34 


25 


85 


21 


41 


25 


34 


28 


43 



Meaiw .. 



25 


34 


26 


33 


SO 


S3 


28 


83 


24 


28 


80 


29 


26 


29 


20 


88 


25 


41 


21 


43 


20 


43 


29 


SO 


24 


56 


27 


83 


23 


38 


24 


27 


26 


29 


25 


41 


25 


43 


22 


34 


27 


30 


24 


35 



kilogrammes. 


6 


04 


5 


73 


5 


84 


5 


46 


8 


•98 


4 


•18 


5 


56 


6 


41 


8 


14 


S 


35 


4 


'87 


5 


•23 


5 


95 


5 


00 


4 


-23 


4 


55 


5 


37 


5 


21 


4' 


46 


4 


65 


4' 


48 


4- 


54 


4 


03 


4 


03 


4" 


76 


6- 


12 


6 


02 


5. 


60 


6 


80 


5 


59 


5 


20 


5 


72 


5 


30 


5 


63 


5 


83 


8 


23 


4 


-00 


5 


75 


5 


64 


4 


54 


5 


18 


5 


22 


5 


68 


4 


95 


3-58 


5 


-12 



The distanoe travelled 
on a curve \b between 
20 and 50 per 100 of 
the total distance. 



The distance travelled 
on a curve is more 
than 50 ner 100 of 
the total aistance. 



The resistance observed on the outward and homeward joumev, on the same portion of the line 
and at about the same rate of speed, was, for the same number (thirteen) of carnages. 

Between poets 93 and 97 720 and 822 kilogrammes. 

„ 76 „ 82 700 „ 857 „ 

„ 69 „ 66 600 „ 806 „ 

„ 59 „ 64 552 „ 835 „ 

„ 26 „ 20 643 „ 817 „ 

Mean .. 643 „ 827 „ 

We thus find a difference of 184 kilogrammes (about 30 per 100 of the resistance of the train 
OD the outward journey) due to the influence of the wind ha vine a velocity of 8*"* 40 a second. 

These results show that the influence of the wind is considerable, and that the rcsistanco of 
passenger trains must bo very variable, if the weather be not absolutely cahn. This fact is oorro- 
bomted by Tables G to J. 
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We find as the maxfmnm effect of the irind j — 

Pattenger Trains, 

BDenuBBtlYo. 83. Speed 46 kilometres / 

• „ No. 24. Speed 45 „ / 

Ooods Tranu, 

Experiment No. 54. Speed 25 kilometres / 

„ No. 92. Speed 21 „ / 



12«'*63 
lOk-06 



7*68 
8»^-60 



These four experiments were made in a high wind, though not sofficientij violent to he called 
a storm. It follows from this that, in the absence of extraordinary atmospheric circumstances, the 
resLBtance of trains may vary from the single to the double. 

Practical BestUts and Calculatums for Determining the Different Terms entering into the Formula of 
the Power of an Engine, — Formula for the Resistance of Trains, — ^The numerous experiments made 
by us lead to formulso giving the resistance r a ton. W. Harding's formula for the resistance r of 
trains on a level and in a straight line is ; — 

r = 2-72 + 00947 + ^'^^^ ^^ ; [q 

r being the resistance of the train a ton in kilogrammes ; 
y the speed an hour in kilom^es ; 

8 the section of the front of the train (S = 5 square metres) ; and 
P the weight of the train in tons. 

The results given by this formula are much too great. Its application will be found in Table 
XIX., where the difference in the values obtained for r will be seen to be considerable. We have 
preferred to modify the coefficients in this formula without changing its form, which seems to us 
a very convenient one. 

The results of our experiments have led us to the following conclusions; — 

1st. That we cannot nave a simple formula applicable to any train ; 

2nd. That the trains must be arranged in two groups, the first comprising jROods trains moving 
at from 12 to 82 kilometres an hour; the second, all trains moving at a rate of speed greater than 
82 kilometres. 



Tablb XIX.— Afplioation of Habdinq's FoBMULik, B = 2*72 + 0*094 V + 

Goods and Mixed Trains. 



0-00484 X S X V« 





Speed 
an 


Gross 

Weight 
in tons. 


Valoe 


Valne 


Total 


Valne 


Excess of 




Designation of the Train. 


of the 
Second 


of the 
Third 


Value 
calculated 


found by 
Experi- 


the Valne 
foand t^ 


Observations. 




IIUU&* 


Term. 


Term. 


forR. 


ment 


CalcnlatioD. 






kUomt. 








klls. 








199. June 20, 1862 


20 


567 


1-88 


02 


4*62 


3 


12 




•50 


S is the section 


62. Feb. 27, 1863 


25 


306 


2*35 


005 


512 


3 


14 




•98 


of the front of 


40*62. AprU28, 1864 


26 


509 


2*45 


003 


5*20 


3 


20 


2 


•00 


the train. S= 


66. Aug. 31, 1864 


17 


332 


1-60 


002 


5*34 


8 


•14 




■20 


5 sq. metres. 


567. June 27, 1862 


29 


221 


2*73 


0*09 


6*54 


4 


-43 




11 


M 


562. June 15, 1862 


29 


301 


2*73 


007 


5*52 


4 


32 




•20 


■ 


64. March 19, 1863 


28 


321 


2*63 


006 


5*41 


4 


•01 




'40 




62. Feb. 27, 1863 


31 


396 


2*92 


007 


5-71 


8 


•18 


2 


•53 




78. March 17, 1863 


31 


474 


2*92 


004 


5*68 


3 


•98 




•70 




88. March 18, 1864 


29 


249 


2*73 


0*08 


5 53 


4 


•05 




•48 




7?. April 12, 1864 


32 


300 


302 


008 


5*80 


4 


33 




•47 




78. April 12, 1864 


29 


326 


2*73 


006 


5*51 


3 


•54 




•97 




78. April 13, 1864 


31 


536 


2*92 


004 


5*70 


4 


41 




29 




78. April 13, 1864 


31 


536 


2*92 


0*04 


5*68 


3 


54 




•14 


« 


66. Aug. 31, 1864 


30 


296 


2*83 


0*07 


5*62 


3 


71 




'91 




100. AprQ 25, 1862 


36 


239 


3*38 


0*13 


6*23 


4 


64 




59 




100. April 25, 1862 


38 


227 


3*58 


015 


6*45 


4 


60 




•85 




38. Dec. 5, 1862 


37 


200 


3*48 


0*16 


6*36 


4 


•67 




•69 




38. Dec. 16, 1862 


39 


174 


3*67 


0*21 


6*60 


4 


43 


2 


•17 




46. Nov. 19, 1864 


44 


120 


4*14 


0*39 


7*25 


5 


•18 


2 


•07 




100. April 16, 1862 


34 


207 


3 20 


0*13 


605 


5 


22 





-83 




100. AprU 16, 1862 


42 


190 


3*95 


0*10 


6*77 


5*75 


102 





1st Grcup.—Ooods Trains nuwing at from 12 to 32 kthmetres an hour upon a Unelj the curves being 
of a long radiuSf and the voeather fine, — ^When the rate .of speed is low, the term in V* of the equa- 
tion [8] has so little importance that it may be suppressed, The nature of the lubricating sub- 
stance has a notoble influence, occasioning a considerable change in the coefiScients. The two 
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Iblkywing IbzmulflB are the roBiilt of the tentatiye prooesMs to which we were obliged to haTe 
For traina IvlirlniM wifh oil, 



For trains lubricated with grease, 



«-al'«6 + 006V. 
r = 2-80 + 0-05 V. 



w 

P3 



These formTiln show the advantage poeaeflsed by oil over grease at a temperature of aSP. 
Below this temperature, the advantage increases rapidly ; above, on the contrary, it becomes less. 
Table X2L gives the results'of these formulad applied to our experiments ; it will be seen that they 
differ but little from those obtained by actual triaL 

Table XX.— Afflxoation of a Kiw Formula to thx Calculation of ths Besutakge of 

Goods Trains, B = 2*80 + 0*05 Y. 



Dwignatinn of the Tndn. 



Qpeedaa 
hoar. 



Valve of the 
TenninV. 



199. 

62. 
40 -62. 

66. 
567. 
562. 

64. 

62. 

78. 

88. 

78. 

78. 

78. 

78. 

66. 



June 20, 
Feb. 27, 
April 28, 
Aug. 31, 
June 27, 
June 15, 
March 19, 
Feb. 27; 
March 17, 
March 18, 
April 12, 
April 12, 
April 13, 
April 13, 
Aug. 81, 



1862 
1868 
1864 
1864 
1862 
1862 
1868 
1863 
1864 
1864 
1864 
1864 
1864 
1864 
1864 





kUomitrea. 




20 




25 




26 




17 




29 




29 




28 




81 




81 




29 




82 




29 




81 




81 




80 



1 
1 
1 

0- 

1" 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 



00 
25 
80 
85 
45 
45 
40 
55 
55 
45 
60 
45 
55 
55 
50 



YelneofR 
bj GakoUtion. 



UlogrAinmee. 
8-80 
8-55 
3-60 
815 
8-75 
8-75 
8-70 
8-85 
8-85 
8-75 
8-90 
8-75 
8-85 
8*85 
8-80 



ValneofRby 
Experiment. 



ExoeMof liie 

Value b J 
GalcnUtlou 



kUogrammee. 
812 
814 
8-20 
8-14 
4-48 
4-82 
401 
818 
8-98 



4 
4 



05 
83 
8-54 
4-41 
8-54 
8-71 











18 
41 
40 
01 
68 
0-57 
0-31 
0'67 
0-13 
0-30 
0-43 
0-21 
0-51 
0-31 
009 



Tablb XXL— Affligatiom of Habding's Fobkula, B = 2'72 4-0-094V4- 

Passenger Trains. 



0-00484 X 8 X V« 



Deatgnatlon of the Trsbi. 



85. 

86. 
40-26. 

44. 

40-85. 

40-35. 

2-16. 

35. 

85. 

86. 

85. 
40-23. 

85. 

86. 

85. 

35. 

40-35. 

40-82. 

2-16. 

88. 



April 27, 
May 6, 
April 28, 
June 8, 
April 24, 
April 26, 
June 6, 
April 27, 
Mayl, 
May 6, 
May 7, 
April 28, 
June 4, 
April 30, 
Nov. 19, 
June 4, 
AprU 24, 
April 25, 
June 5, 
March 14, 



1862 .. 
1862 .. 
1866 .. 
1866 .. 
1866 .. 
1866 .. 
1866 .. 
1862 .. 
1862 .. 
1862 .. 
1862 .. 
1866 .. 
1866 .. 
1862 .. 
1864 .. 
1866 .. 
1866 .. 
1866 .. 
1866 .« 
1866 .. 



Speed 

an 
hour. 



GroBS 
Weight 
in tons. 



Value 
of the 
Second 
Term. 



Value 
of the 
Third 
Term. 



Totid 
Value by 

Gal- 
calation. 



Value I7 

Expert* 

ment 



kilomitrce. 
47 
46 
44 
45 
45 
41 
46 
54 
50 
54 
50 
52 
54 
58 
59 
63 
65 
60 
61 
76 



90 

101 

101 

107 

50 

56 

58 

90 

101 

101 

106 

101 

105 

91 

98 

105 

50 

55 

61 

53 



4- 

4- 

4- 

4' 

4' 

3 

4- 

5" 

4- 

5 

4 

4 

5 

5 

5 

5 

6 

5 

5 

7 



40 
82 
13 
23 
23 
86 
82 
10 
72 
10 
72 
90 
10 
45 
56 
93 
12 
65 
75 
17 



0- 

0- 

0' 

0- 

1" 

0' 

0- 

0- 

0- 















2 

1 

1 

2 



58 
52 
48 
47 
00 
75 
91 
81 
62 
72 
59 
67 
69 
92 
88 
96 
12 
65 
55 
78 



kilogB. 
7-70 



7- 
7' 
7- 
7' 
7' 
7' 



56 

38 

42 

•95 

83 

95 

8-63 

8-06 

8-54 

803 

8-29 

8-51 

9-09 

916 

9-63 

10-96 

10-02 

10 02 

12-62 



kilogs. 
6-24 
5*54 
6-43 
5-73 
7-44 



7 
7 
6 
6 
6 
6 
6 
6 



27 
56 
95 
03 
03 
71 
54 
95 



fizceaeof 

the Value 

byCal- 

enlation. 



1 
2 

1 



1 



46 
12 
90 
69 
51 
06 
39 
68 
2-03 
2-51 



803 
7-95 
8-16 
9-80 
910 
9-80 
14-55 



1 
1 
1 
1 
1 
1 
1 





32 
75 
56 
06 
21 
47 
16 
92 
22 



-1-93 



2nd Oroup. — All TVains moving ai a rate of speed greater than 82 kiUmHreSj upon a leoe/, the curvee 
heing of a long rodttM.— Table XXI. gives the results of the application of Harding's formula to 
*fi^A trains. They are much too great for heavy trains, are nearly true for light stopping trains, 
re too small for express trains of eight carriages. After many trials, we have been obliged to 



these 

and are too small for express ..,...» w. «^^. >^ — ^^< 

admit three series of ooeffidents. (See Table XXII.) 
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Traina moring at from 82 to 50 kilomHres an hour, 

^ OA . A onxr . 0009 X 8 X V 

r = 1-80 + 0-80VH p 

Trains moving at from 50 to 65 kilometres an hour, 

« AA . A A«xr . 0006 X 8 X V 
r = 180 + 08V + p 

Trains moving at 70 kilomHres an lioor, and above, 

n a^ . ^ ^AXT . 0004 X 8x V 
r=l*80 + 0'14y+ s 



M 



M 



W 



To show the necessity of these different coefficients, we must remark that, in these formolsB, 
the term in Y represents the resistance at the circumference of the wheels, which resistance increases 
with the speed and the oscillation, and that the term in V* represents the resistance of the air ; the 
heavier the train, the more is the resistance due to the surface exposed to the wind proportion- 
atelv reduced. The reason why this term contains the weight P as a denominator is thereforo 
evident. 

The formuliB [c], [d\ and [«], give results that agree perfectly with those obtained by experi- 
ment, r being the coefficient of resistance a ton on a level and in a straight line, the additional 
resistance due to gradients, curves, and so on, may be calculated by the methods we have already 
given. 

Tabls XXn. — ^Afflioation of New FoRMULiB to the Besistakgi of Passekoeb Tbains. 



Desigiiatkm of the TrahL 



Spetd 

an 
boor. 



Groa 
Weight 
in tODi. 



Value 
ofttM 
Second 
Tenn. 



Valae 
of the 
Third 
Tenn. 



Total I Total 
Value by Valneby 



Oal- 
eolation. 



£zperi- 
ment 



Excenof 
the Valoe 
by Cal- 
culation. 



Obflti vatlona. 



100. 
100. 

aa. 

88. 

46. 

100. 

100. 

35. 

86. 

40-26. 

44. 

40-35. 

40-85. 

2 16. 



April 25, 
AprU 25, 
Deo. 5, 
Dec. 16, 
Nov. 19. 
April 16, 
April 16, 
April 27, 
Blay 6, 
AprU 28, 
June 8, 
April 24, 
April 26, 
June 6, 





klloma. 


1862 


36 


1862 


38 


1862 


87 


1862 


39 


1864 


44 


1862 


34 


1862 


42 


1862 


47 


1862 


46 


1866 


44 


1866 


45 


1866 


45 


1866 


41 


1866 


46 



85. 

a5. 

36. 

35. 
40 23 

35. 

36. 

35. 

3.5. 

40 35. 

40*32. 

2 16. 



AprU 27, 
May 1, 
May 6, 
May 7, 
AprU 28, 
June 4, 
April 30, 
Nov. 19, 
June 4, 
April 24, 
April 25, 
June 5, 



1862 
1862 
1862 
1862 
1866 
1866 
1862 
1864 
1866 
1866 
1866 
1866 



33. March 14, 1866 



54 
50 
54 
50 
52 
54 
58 
59 
63 
65 
60 
61 



76 



239 

227 

200 

174 

120 

207 

190 

90 

101 

101 

107 

50 

56 

58 



90 

101 

101 

106 

101 

105 

91 

98 

105 

50 

55 

61 



53 



2 
3 
2 
3 
3 
2 
3 



3 
3 
3 



4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
4 
4 



88 
04 
96 
12 
52 
72 
36 



3-76 
3-68 
3*52 
3-60 
60 
28 
68 











1 





1 
1 
1 



32 
00 
'32 
00 
16 
32 
64 
72 
04 
20 
80 
-88 









1 
1 
1 
2 
1 
1 





kllogB. 


28 


4 


•91 


26 


5 


•10 


29 


5 


•05 


38 


5 


■30 


70 


6 


02 


23 


4 


"75 


19 


5 


35 


11 


6 


67 


95 


6 


43 


87 


6 


•19 


85 


6 


25 


83 


7 


23 


37 


6 


45 


62 


7' 


10 



k!log8i 



97 
74 
86 
71 
80 
82 
10 
05 
15 
55 
97 
86 



7 
6 
6 
6 
6 
6 
7 
7 
7 
9 
8 
8 



4 
4 
4 
4 
5 
5 
5 
6 
5 
6 
5 
7 
7 
7 



09 
54 
98 
51 
76 
94 
54 
57 
99 
55 
57 
54 



6 
6 
6 
6 
6 
6 
8 
7 
8 
9 
9 
9 



64 
60 
67 
43 
18 
22 
75 
24 
54 
43 
73 
95 
33 
95 













-0 

-0 





-0 



-0 

-0 

-0 



95 
03 
03 
71 
54 
95 
03 
95 
16 
80 
10 
80 









-0 



-0 

-0 

-0 

-0 

-0 

-^0 

-1 



27 
50 
38 
87 
84 
47 
40 
43 
89 
24 
52 
72 
88 
85 



Speed from 32 to 50 

Kiloms. an hour. 

R=1-80+0-08V 

. 0009 X 8 V 

H « • 



14 
51 
65 
20 
22 
01 
49 
38 
17 
25 
53 
26 



Speed &om 50 to 65 

kiloms. an hour. 

R=l-80+0-08V 

, 0006 X 8V 
•\ . 



10 64 2-18 14-62 



14-55 



Speed > 70 kUoms. 
0-07!l «=l-80+014V 



0004 xSV 



Actuai fforathpower to the Unit of Beating Surface.^TMe XXIII. gives the maximum amount of 
work developed by different kinds of engines during the course of our experiments. The highest 
rates of speed may practically be fixed as foUows ; — 

Crampton's engine V = 80 kUomfetres. 22—30 a second. 

Mixed engines V = 55 „ 15'"-30 „ 

Goods engine (wheels of 1*"' 40) V = 30 S^'SO 

,• (wheels of 1»- 30) V = 26 ," T'-^O ,| 

n (8 wheels coupled; V -= 24 « 6'»-70 ^ 
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99 

If 



99 
99 



400 horse-power. 

300 

300 

275 

400 



99 
9» 



99 



Whence we conclude that at their greatest rates of speed, our several engines are capable of deve- 
loping the following amonnts of work : — 

Crampton's engine * 

Mixed engines 

Goods engine (wheels of !■"* 40) 

(wheels of 1™* 30) 

(8 wheels oouplo^) • 

Dividing the work bv the heating surfaces of the engines, we obtain the actual horse-power to 
the square m^tre. We have 

CTrampton's engine 4*3 horse-power. 

Mixed engine (type 14) -3*0 

„ (type 12) 3*6 

Goods engine (type 20) ^. 2*4 

„ „ (type 15) 2-7 

„ „ (8 wheels coupled) .. .. .. .. 2*0 

mllows from the above figures that the work in horse-power to the unit of heating surface 
increases with the speedy and with the dimensions of the furnace relatively to the total heating 
surface. Now, the speed which a locomotive is capable of maintaining, while exerting a given 
force, depends on the production of steam. The results of our experiments under this head will 
be found in Note G, and Table XXVIII. 

Tablb XXm. — Gbkatest Valve 09 the Work of Engines aooordiro to Experiment. 



99 
99 
99 
99 



T 



DeslgiMtlon of the TnfaL 



38. March 13, 
S3. March 15, 

1*16. June?, 



1*35. 

1*38. 

86. 

40-85. 

40*34. 

40-23. 

35. 

2*65. 

1-68. 

1-67. 

3-64. 

1-68. 

1-68. 

89. 

91. 

89. 

140. 



June 4, 
July 21, 
Doc. 10, 
April 26, 
April 27, 
April 28, 
June 4, 
July 21, 
July 8, 
July 6, 
June 22, 
June 21, 
June 20, 
April 14, 
April 13, 
March 18, 
March 21, 



12-72. Jan. 13, 

12*80. Jan. 11, 
12*78. Jan. 12, 
12*86. Dec 2^ 
E 74. March 21, 
E 74. Maich 22, 



866 
866 

866 

866 
866 
862 
866 
866 
866 
866 
865 
864 
864 
864 
864 
864 
S64 
864 
864 
864 

866 

866 
866 
865 
867 



KiDdofEiBglne. 



Grampton's 



9» 



{Free wheels. — 
Typel 



Mixed.— Type 14 
12 
12 
14 
14 

Gtoods.— Type 20 
20 
20 
20 
20 



:) 



Speed 

an 
boar. 



Work 

apon 

the 

Covp- 
llng. 



Work 

to 
move 

the 
Motor. 



99 
9» 



99 

»9 



99 
99 
99 

n 



99 
9» 

99 

9« 



99 
99 
99 
99 
9* 



99 
99 
99 
99 



99 
99 

99 



99 
99 
99 



klloma. 

78 

74 

42 

37 
44 
45 
70 
48 
47 
63 
18 
25 
26 
24 
20 
20 
24 
28 
31 
18 



,9 20 

Qooda.—Tyue 15 

15 

15 

fEight wheels^ qi 
\ coupled ../ 

16 
23 
25 
15 
17 



99 
•9 

99 
l» 
99 



99 

99 
99 
99 
99 



h.-p. 

262 
297 

132 

113 
110 
204 
159 
175 
244 
227 
242 
230 
250 
244 
249 
250 
239 
225 
232 
183 

297 

278 
265 
262 
200 
2G3 



Total Woikai 

the drcom- 

ferenoe of tlM 

DrlTlng- 

wbeelS. 



h.-p. 

1150) 

110 

87W 

80 

91 

58 
120 
116 
101 

81 

53 

41 

77 

49 

44 

44 

S3 

38 

43 

50 

71 

62 

71 

78 
127 
104 



h.'p. 
377 
407 

219 

193 

201 

261 

279 

291 

345 W 

308 

295 

271 

327 

293 

293 

294 

272 

263 

275 

233 

868 

340 
336 
340 
327 

3G7 



Mean of 
the 

Work 
for each 

Und. 



} 



b.-p. 
392 

204 
29? 



295 



Obserrattooa 



261 



346 



O) The work required 
to move the motor has 
been computed at 8 kilo- 
grammes a ton, accord- 
ing to experiments made 
upon engines with freo 
wheels and upon ten- 
ders. 

WThe three experi- 
ments upon engines of 
tvpe 1 were made with 
the escape dosed. Tho 
production was diffi- 
cult. 

(•) This large amount 
of work of 345 horse- 
power was maintained 
during a short distance 
only. 



Adhetion of Locomotives. — Table ^XIV. contains trains in which a slipping of tho wheels was 
observed. It gives the value of the adhesion of the engine when the lower limit was reached. 

As an example, let us take train 140, March 21, 1868; goods engine, type 15; adhesive 
weight = 80,000 kiiogranmies ; nature of the line = gradient of 9 millimetres ; temperature = T ; 
wet and windy. — The tractive force upon the couplings of the tender was in this loase 2850 kilo- 
grammes : to find the total tangential force, we must add 700 kilogrammes expended in moving 
tiie motor itself (see Table XXIY.X which gives 3550 kilogrammes. The coefficient of adhesion 

was. theiefore ^^ - ^ 
was, therefore, ggg^_ — . 

In this case, notwithstanding the slipping, the speed was not less than 15 kilometres an hour. 
To realiie these conditions, the engines must be provided with sand-boxes in ^pood working order. 
It will be seen from Table XxTV. that during our experiments the coefficient of adhesion has 

been as low as r^, but this was an exoeptional oaae. We could not base our regulations for load- 
is 



ing upon this ooeffident. 
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Table XXV. contains trains in ihe case of which traction was accomplished with very high 
values of adhesion without slipping. At the top are given the coefficients observed when the 
train was in motion, and which correspond to a long distance ; at the bottom, the coefficients 
observed at starting, and due to an instantaneous effort. 

The maximum value of the coefficient, during motion, was -z. This is the higher limit of 

adhesion that will serve to regulate the loads which may be drawn by engines in fine weather. 
The minimum loads to be drawn in all weathers may be determined by taking the coefficients as 

-. In winter we cannot reckon upon an adhesion greater than this. 

The variation in the speed of trains has considerable influence on adhesion. It has been 
observed that a train of eight carriages, moving on a level at the rate of 70 kilometres an hour, 
requires as much adhesive force as the same train moving at 40 kilometres up an incline of 
9 millimetres. 

At starting, the limit of adhesion is, on most occasions, nearly reached, and the coefficients 
found in these oases are higher than those found when the train is in motion. In practice, we 

may admit the coefficient at starting as ^* 

Practtpal Formula of the Power of an Engine,— The pnctical formula which we are about to give 
is derived solely from the zesiilts of our experiments. 

Let P be the gross weight in tons which an engine is capable of drawing at a rate of speed V 

upon a line of known nature ; 
r resistance of tHe weight P a ton ; 
P* the weight in tons of the engine and tender; 
r* the resistance of the weight P' a ton, considering the engine and tendar as mere 

vehicles ; 
8 the heating surface of the engine ; 
N the actual horse-power to the unit of heating surface ; 
P" the adhesive weight of the engine, that is, the weight resting upon the points of the 

driving wheels in contact with the rails ; 
m the coefficient of adheslan of the engine. 

The force of the circumference of the wheels will be P r 4- P V. 

Y being the speed in metres a second, the work to be effected is (P r + P V) Y. And we ought 
to have 

(Pr + P'r')Y<8xNx75. [P] 

Besides this, to avoid slipping, we must have 

(Pr + FO^ mP". [P^ 

Bv means of these two formnlsB the load which a given engine is capable of drawing may be 
readily calculated. They will equally serve to solve the inverse problem which will oftener occur 
in practice. 

To determine the principal elements of a locomotive to draw a load P at a rate of speed Y upon 
a line of known nature, an approximative value must be given to P' in equation [FJ, when the 
value of 8 may be deduced. Equation [F'] wiU enable us to determine P". 

The problem will have received its best solution if we succeed in making equal pair by pair 
the memoers of the relations [F] and [F^. (For the other parts of the engine, see Note £.) 

I^oU A. — Via viva of a Pair of Wheels,— Jjo. making dynamometrical experiments on the resistance 
of trains, it may happen that each division of the distaiice upon which the experiments were made 
was travelled over at a uniform rate of speed ; nothing can bo easier than to measure the resistance 
of the train in such cases. But it happens very often that the speed varies considerably ; in this case 
more calculation is requisite to find the coefficient of resistance. The formula wMch we have 
employed is the following : — 

Let Y, bo the initial velocity in kilometres an hour ; 

Y| the final velocity also in kilometres an hour ; 

P the weight of the train in tons ; 

p the weip:ht in kilogrammes of a revolving piece, such as wheel or axle ; 

K the radius of gyration of a revolving piece ; 

B the radius of the circle of revolution : 

fi thenumber of vehicles: 

Y 4- V 
X the unknown coefficient of resistance a ton, at the mean speed of -^^ — -* ; 

^ the mean tractive force in kilogrammes ; and 
9 the space traversed in mutres. 

We have 

Fx.=.xPx.±i(pxiooo+spg)x:5:^*. [1] 
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To find the value of the tenn 2p :^ , we will apply the calcolatioii to tne dromnferenoe and to 

the axle. Say for the oiroamferenoe P' >< "»« * 

We are here considering the rolling stock of the Eastern Railway Company, to whom most of 
the trains experimented on belonged. The outer diameter of the wheel is 1"**03 when the wheel 
is new. The tire when new is 55 millimHres in thickness ; it is used till this thidmess has been 
worn down to 25 millimetres. Therefore, oonndering the wheel as half worn out, we shall have 



2B = i..oo. K^ = (:|::)%Jxt^)'. 



Whence we deduce K' = 0*48, that is, E' is very nearly equal to the radius of the circle of 

E** 0*48* 
revolution -j^^=-^:^ = 0-920. 

The weight of two pieces of tire, at the mean thicknefts of 40 millimetres, is 264 kilogrammes. 

E** 

Therefore, for a pair, we shall havep' -;^ = 264 x 0-92 = 243 

For the axle let us say p" x -^r 

Of 

This term is very small. We findp" X ^ = 1*08. 
For a pair of wheels we have P^ ^^7 + 1^' ~57 = 244 *08. 

K* 

For the carriage with two axles, 2p ^^ = 488. 
And for the whole train, 2p .^-^ = n x 488. 

Having made the necessary substitution and reduction, formula [1] becomes 

Fx« = 4rxPx«db 0004 (P X 1000 + n X 488) X (Vj* - V,«). [2] 

This formula was applied in calculating Tables A to J. By means of it we may calculate the 
mean resistance a ton :r, even when the sp^d has varied throughout the time of the experiment. 

Suppose a single carriage impelled at an initial velocity Y, and then left to itself till it stopped. 
The third term of formula [2] is then 004 x (1000 P + 488) x Y,*. 

Substituting the weight in kilogrammes F for the weight in tons P. and the speed in metres a 
second Y for the speed in kUometres an hour Y„ we have 

P' = m X ^, 

P = 0001 X F, 

Y. = 8-60 xY; 



and the above term becomes (o m + 25] x Y*. 



Thus the rotating vis tiva of a pair of carriage-wheels is expressed, in kilogrammetres, by 
12-5 Y«. 

The same calculation gives the following values of the vis viva of some of the wheels to which 
our experiments apply ;-— 

1. For a pair of tender-wheels of 1""20, 18*4 x Y*; 

2. For a pair of engine-wheels of 1" * 30, 20 x Y' ; 

3. For a pair of engine-wheels of 1™'68, 27*4 x Y*. 

Note B, — Modification of the Dynamometer for the purpose of Calculating the Resistance caused by a 
Brake.-^Vor the purpose of measuring the resistance caused oy a brake, a cross-bar 6 c of wrought 
iron was fixed to the traction-bar. 1^ the ends of this cross-bar were attached pieces connected 
with the hinder buffers, as shown in the figure. 

If we have a brake in front of the dynamometer car, the front buffers of the car strike against 
and press upon this obstacle, and its hinder buffers a receive the thrust of the train rolling behind, 
transmitting it by means of the piece 6 c to the traction-bar of the dynamometer. In this way the 
thrust is maide to act upon the dynamomefarical spring, and we are thus enabled to measure aocu- 
ratelv the influence of the brake. 

Note C— Production of Steam.^The speed of a locjomotive while exerting a given force, depends 
on its production of qteam. Tables XXYI., EXYU., and XXYUI., give the maximum consump- 
tion of water observea by us and the maximum value of the work in horse-power. 

The maximum value of the work in horse-power includes the work developed upon the coupling 

of the tender, and the work required to move the motor itself. This latter work was computed m 

accordance with the contents o? Table HL Where the total mean of the work is not given, that 

portion of the line was too irreeular to allow us to find a mean. The water was measured in the 

tender by means of a graduated scale, l^e consumption of water does not correspond exactly to 

the production of steam, because a certain quantity of water is carried off; but at present we will 

not oonBider this quantity. 
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Table 3 LXVin.— Greatest Pboduotion 


OF Steam. 










Kind or Engine. 


Dat& 


Mean 

Speed 

an 

hoar. 


No. of 
Kilo- 
metres 
experi- 
mented 
over. 


No. of 

Revo- 

lations 

a 
■econd. 


Work 
exerted 

Train. 


Woik 
to move 

the 
Ek)gine. 


Mean 
Toud 

of 
Work. 


Total 
Heating 
Surface. 


Weight 

Water 

con- 

■omed. 


Wolcbtor 

WatvooD- 

nunedtotho 

of HmUixic 

BiuteotMi 

boor. 








kilt>ma. 






h.-p. 


h.-p. 


lL*p. 


eq. m(:t. 


kllogs. 


kUoga. 


Giampton's 


33, 


March 15, 1866 


73 


141 


2 


83 


297 


110 


407 


91 


•27 


8680 


42 




1-16. 


June 7, 1866 


42 


30 


2 


18 


. ■ 


. • 


a • 


67 


91 


2146 


42 


Mixed. ,, 12 


40-35. 


April 24, 1866 


57 


41 


2 


77 


131 


125 


256 


81 


90 


2770 


38 




31. 


May 4, 1865 


51 


45 


2 


•67 


131 


71 


202 


88 


•32 


2915 


33 


V 14 


40-23. 


April 28, 1866 


46 


55 


2 


•40 


. • 


• • 


• • 


100 


•42 


4264 


32 


9ff JJ ' 


81. 


Dec. 21, 1865 


47 


87 


2 


45 


173 


66 


239 


88 


32 


2590 


32 


„ 12 


40-35. 


April 24, 1866 


44 


22 


2 


14 


177 


68 


245 


81 


•90 


1720 


36 


„ ,1 12 


40-35. 


April 26, 1866 


42 


38 


2 


05 


150 


65 


215 


81 


•90 


2900 


34 


„ 12 


40-35. 


April 26, 1866 


51 


38 


2 


•47 


150 


79 


229 


81 


•90 


2530 


35 


M 12 


40-35. 


AprU24, 1866 


46 


16 


2 


22 


• • 


a • 


. a 


81 


•90 


1140 


33 


,, „ 14 
Eight coupled \ 

wheels .. ../ 


1-68. 


July 27, 1864 


22 


40 


1 


•05 


• • 


. . 


a a 


100 


42 


5378 


35 


12-72. 


Jan. 11, 1866 


16 


19 


1 


13 


• a 


* • 


. a 


193 


63 


4203 


18 


n TT 


E.74. 


March 21, 1867 


17 


10 


1 


19 


263 


104 


367 


203 


63 


1980 


16 


Goods.— Type 20 


E.63. 


March 22, 1867 


13 


13 





•81 


132 


54 


186 


126' 


70 


2470 


20 


r 20 


E.63. 


March 20, 1867 


12 


13 





•76 


140 


50 


190 


126- 


70 


2790 


20 


" « 20 


1-68. 


July 8, 1864 


25 


24 


1 


57 


190 


44 


234 


126 


70 


3756 


28 


,» M 20 


1-67. 


July 6, 1864 


24 


17 


1 


52 


236 


74 


310 


126 


•70 


2813 


29 


»» w 1^ 


78. 


Feb. 14, 1865 


37 


31 


2 


52 


160 


71 


231 


100 


42 


3072 


82 


91 11 1^ 


61. 


Feb. 14, 1865 


26 


31 


1 


•77 


135 


50 


185 


100 


42 


8390 


26 


>» »» 1" 


1-67. 


July 26, 1864 


15 


12 


1- 


02 


126 


53 


179 


100' 


42 


2797 


32 


„ 11 


75. 


Aug. 31, 1864 


18 


21 


1- 


14 


106 


26 


132 


98' 


80 


2715 


22 


„ 11 


66. 


Aug. 80, 1864 


26 


38 


1-65 


148 


33 ' 


181 


98-80 


4063 


25 



Of passenger engines, Grampton's developed the greatest amount of work, namely, 407 horse- 
power. The maximum production of steam to the square m^tre of the whole heating surface Vras 
42 kilogrammes. The mixed engine, type 12, produced a mean equal to that of the mixed engine, 
type 14, and yet type 12 possesses a much smaller surface. But we see from Table I. that its fire- 
l)ox is as large as that of type 14, only the tubes are considerably shorter. The production of steam 
in passenger engines is, therefore, not sensibly increased by lengthening the tubes beyond about 
8 metres. 

With respect to the wheels, the greatest production corresponds to the greatest number of revo- 
lutions a second. For Crampton's engine, to 2 * 83 turns correspond a production of 42 kilogrammes ; 
for the mixed engine, tvpe 12, to 2* 77 turns correspond a proauction of 38 kilogrammes. The great 
consumption of water by the engine, type 1, is owing to the enormous quantity carried off by the 
eteam, on account of the very small size of the boiler. 

In general, for goods engines, theproduction to the square m^tre of heating surface by the hour 
is less than for passenger engines. ¥x)r engines with four coupled axles moving at full speed, this 
production was only 16 to 18 kilogrammes. These engines moved very slowly. The engine with 
wheels of 1"*80, moving at the rate of 37 kilometres an hour, gave 32 kilogrammes. The engine, 
type 20, moving at full speed with reprd to adhesion, gave a production of 20 kilogrammes. The 
same engine moving at full speed with regard to production, gave 29 kilogrammes, at a speed of 
24 kilometres. 

The production of steam by the hour to the square m^tre of heating surface, and, consequently, 
the work, increases with the speed of the engine. From this point of view there is, therefore, a 
gain in increasing the speed up to the limit that may be reached without injury to the mechanism. 

Constunptum of Water to the Kihmetre.—TAhle XXYI. gives the consumption of water to the 
kilometre by various kinds of passenger engines. The mean consumption in places where the line 
was nearly level is the same for Crampton's as for the mixed engines, namely, about 57 litres. 
Upon an incline of 1b>»-5 the consumption of mixed engines was 64 litres; upon an incline of 
8 millimMres it was 72 litres. 

Table XXVII. relates to goods trains ; from this Table we see that the consumption by goods 
engines varied, according to the nature of the line, from 97 to 288 litres. Upon inclines of 18 and 
20 millimetres, the engine (type 20) consumed more water than the engine with four coupled axles, 
because in the former it was necessary to force the production bv closing the escape. 

Consumption of Water to the Carriage or to the Ton draum. — Tables XXYI. and XXYIL give also 
the consumption of water to the carriage, or to the ton drawn for each kilometre. 

1. Passenger Trains, — The divisions (1) and (2) of the Table relate to the same line, namely, 
from Paris to Epemajr. It will be seen that upon this portion of line, the traction of a carriage of 
an express train required 7*04 litres of water, whilst a carriage of a stopping train required only 
4*45 Utres to the Mlometire. (Table XXVI.) 

2. Goods TVains.^The traction of a ton, gross weight, required 0-35 litre to the kilometre on a 
level in fine weather, 0*54 litre on a level in bad weather, and 1 '39 litre on an indioe of 19"^ '50. 
(Table XXYIL) 
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The traction of a ton weight at an equal rate of speed upon portionB o. line similar In nature, 
required 0*88 litre with an engine with eight coupled wheels, and 1*39 litre with an engine or 
type 20. 

Engines with eight coupled wheels are, therefore, economical, as they utilize in a high degree 
the mechanical force of the steam. (Large boiler, long tubes.) 

Consumption of Water to the Borae-power. — Other things being equal, this consumption decreases 
with the increase of speed. Thus, for express trains, it was 0*28 litre, and for stopping trains 
0-44 litre. 

In the case of a very slow goods train this consumption reached 1*48 litre, and even 1*85. 
These results are accounted for by the fact that in engines moving at a high rate of speed the 
steam is expanded more than in engines moving at a slow rate. Under the same conditions, the 
consumption to the horse-power and by the kilometre was 0*86 litre for the engines with eight 
coupled wheeU^ and 1 '48 litre for the engine type 20, which shows again the advantage offered by 
the former engines from an economical point of view. 

Water carried off by the Steam and lost by Leakage. — If we compare the actual consumption of 
water measured in the tender with the theoretical consumption calculated from the volume described 
by the pistoa during the length of admission, we find the former much greater than the latter. This 
is because a large quantity of water is carried off in an unvapouriz^ state, and some is lost by 
leakage. Our calculations show that this loss formed the following fractions of the total con- 
sumption ;— 

Train (1)68, June 21, 1864 80 per cent 

„ (1)67, July 6,1864 24 „ 

„ (1)68, July 8,1864 81 „ 

„ (2)65, July 21, 1866 39 „ 

From this we conclude that for engines of type 20, moving at nearly full speed, the waste 
of water is about 31 per cent. We may remark that in these examples the engines were in a good 
condition. 

It is plain that leakage should be prevented as much as possible. But is it desirable to dry 
the steam? A saving of fuel would be effected; but beyond a certain degree of dryness, other 
and greater disadvantages would ensue. The piston, the cylinder, and the stufSng are rapidly 
destroyed when the steam is too dry. It has oeen noticed in the case of drivers who are accus- 
tomed to keep the water low, that they consume less fuel than those who prefer to keep the water 
high ; but, on the other hand, it has been noticed again that the engines of the former get soonest 
out of ordeor. The question is thus reduced to one of cost of fuel. 

Note Dl— Friction peculiar to an Engine at Work, — Besides the resistanoeB which we have found 
for engines in motion without working, there is a certain supplementary resistance created by the 
reciprocal pressures of the moving parts. Supposing the ei^^e to move slowly enough to allow 
us to consider the steam as acting with full pressure from toe beginning of the adimssion, and 
also to consider the resisting pressure as equal to the pressure oi the atmosphere, and calling 

p the absolute pressure of the steam in the boiler, 

p' the pressure of the atmosphere, 

« the surface of the piston in square m^res, 

/ the length of the admission, 

r the length of the expansion. 

t' the length of clearance at the escape, 

ij the length of the escape, 

r. the length of the compression, 

r I the length of clearance at the admission, 

we have as the positive work of the gases behind the piston during a single stroke of the piston, 

10000 X 8 [pi (l + 2-30 log. ^-y^) +/r] . 
The negative or resisting work of the gases in front of the piston is expressed by 

10000 X s (p'lt +pr\ X 2-30 log. ^' jl;^' +pl"X 

The formula expressing the work to the single stroke of the piston is, therefore, 

T = 100003 X [pl(l + 2-30 log. Lzi'- j,'(/^ « /")\ « pr\ X 2-30 log. ^^i— ^ - p/",] . 

For the engine of type 20, with the driving lever at the 6th division, we have 



8 = 0-1515 m^tre. 
/ = 0-272 „ 
r = 0-249 „ 



r, = 0-163 metre. 

r\ = 0016 „ 

p = 8*250 kilogrammes. 

p' = 1033 „ 



r = 0136 „ 
I, = 0-478 „ 

Substituting these values in the preceding; formula, we find T = 4500 kilogramm^tres. 
For one revolution of the wheels, we shaU have for the two pistons, 4 x T = 18000 kilegram- 
metres. 

If we suppose a speed of 15 kilometres an hour, we shall have a second, 

4*16 
18000 X j72o = ^^^^ kilogrammutres, or 226 horse-power. 
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Now let OS oonfiider the case of tlie tndn (1) 68 of the 8tli July, 1864. Thid train was drawn 
np an incline of 6 millimetres by an engine of type 20, at a speed of 15 kilometres an hour, the 
driving lever standing at the 6th division, and the usefnl mxk, measured on the couplings of the 
first carriage, was 175 horso-power ; which gives as the quantity of work absorbed by the train 
175 X 75 = 13125 Mlogramm^tree. To this must be added the work abntbed by the resistances 
of the engine and tender, at a speed of 15 kilometres an hour (4">*16 a second), op «a inoline of 
6 millimetres (16 Hlogrammee a ton for the traction and the friction as mere vehidee); thn ivodc 
is found to be 3461 kilogrammctres. 

We have, therefore, 

KUognunmitTCS. 

Work absorbed by the train 13125 

Work absorbed by the engine 3461 

Total 16586 

On the other hand, we found;— 

Work produced by the steam 17000 

Difference .. .. 414 

Thus the work absorbed by the extra friction caused by the pressure of the steam was about 
400 kUogrammetres. On account of the hypotheses which we have made, however, this quantity 
is rather above than below the truth. 

The engine weighing 38 tons, the resistance due to these frictions, measured at the circum- 

414 
ference of the wheels, was T--7; — jr^ = 3^' 02 to the ton. The whole resistance due to the fric- 

^ 4*16 X 33 

tion of the mechanism and to the pressure of the steam is, therefore, 6*05 + 3*02 = 9*07. (See 

analysis of the various resistances in engines.) Strictly, this resistance does not apply to the 

circumference of the wheel, but it absorbs a portion of the pressure exerted by the steam upon the 

pistons. 

From what we have given above, we may decompose the total amount of work in the following 

manner; — 

175 horse-power exerted upon the couplings of the first carriage^ 

51 horse-power absorbed by the engine and tender. 

In the case of a level way and the same speed, the disposable work upon the couplings would 
have been greater. The total amoimt of work remaining the same, it would be decomposed as 
follows ; — 

192 horse-power upon the couplings, 
34 horse-power absorbed by the engine and tender. 

Effective Work of a Locomotive Goods Engine,— Jf we call effective tcork the ratio of the useful to 

192 
the theoretical work of the steam, calculated by the formula given above, we have ^^ = 0*85. 

The effective work was, therefore, 85 per cent, under the circumstances of the experiment, on a 
level way at full traction, and moving at a slow rate of speed. But we do not consider this the 
proper way to define the effective work. 

Influence of the Mode of Distribution on the Effective Work, — The theoretical work of the steam 
Is that which would correspond to a fictitious distribution, one which would consume the same 
weight of steam that we have supposed, but which would utilize this steam perfectly. We will 
suppose, therefore, that the admission is of the same length as before, say 272 millimetres, but that 
all the remainder of the stroke, say 385 millimetres, is by expansion. The expenditure of steam 
would be the same at the same speed ; but the theoretical work would be the maximum work cor- 
responding to the given length of admission. 

In this case the theoretiaed formula becomes 

T = 10000 x«rp/A + 2*30 log. L:Lr)-p'(r4-ol. 

If we apply this formula to the engine type 20, with the driving lever at the 6th division, we 
find that the theoretical work to each revolution of the wheels would be 21000 kilogrammetres. 
The theoretical work with Stephenson's slide-valve, in the same circumstances, being 18000 kilo- 
grammctres to each revolution, we have =0*86; which shows that the mode of distribution 

by means of Stephenson's slide-valve r^uces, in the case in question, by 14 per cent, the useful 
work which might be obtained from the steam. 

The actual effective work of an engine being, in our opinion, the ratio of the useful work 
developed upon the train, to the theoretical work of the steam corresponding to a perfect distri- 
bution, we |if|V9 as the effective work of the engine in the case in question, 

_i??_ = 1?? = 0.72. 
21000 4*16 264 

75 ■*"4*00 

Effective Work of a Passenger Engine, — As an example of the amount of effective work in the 
case of a passenger engine, we will cite the following experiment :— > 
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Train 82, of March 15, 1866. From Chftiean-Thierry to Paris, a distance of 94 kilomHiee. 
Mean inclination of the line, nothing. 
Yolnme of water consumed, 5670 litres. 
Driving lever at the Ist division, regulator half open. 
Mean useful work, 144 horse-power. 
Mean speed, 45 kilomHres an hour. 

Diameter of the cylinder, 42 centimetres. 

Stroke of the piston, 56 centimetres. 

Diameter of tne driving wheels, 1"*68. 
Length of the admission, on the left side of the piston, 0<^*095. 
„ „ on the right side of the piston, O"* * 133. 

The length of the admiasion not heing the same on both sides of the piston, we shall make the 
calculation for each side. 

Mean pressure indicated by the manometer = 7} atmospheres. The pressure may rise to 
8 atmospheres ; but the train being light, it did not reach its maximum. 

Supposing the pressure in the boiler of 7} atmospheres to have existed upon the piston 
throughout the admission, the steam to have been expanded throughout the remainder of tlio 
stroke, and the resisting pressure -throughout the whole stroke to have been equal to the atmos- 
pheric pressure the theoretical work of tne steam is given by the formula 

T = 10000 X » [p/ (l + 2-30 log. ^) -i>' (/ + Ol . 

We find for the left side of the piston, T = 2046 kilogramm^tres ; and for tne ngnt side of the 

piston, T = 2704 kilogrammetres. The theoretical work to each revolution of the wheels is 

2 T + 2 T' = 9500 kilogrammetres. But at a speed of 45 kilometres an hour, the number of 

revolutions a second is 2 '38, which gives as the theoretical work a second, 9500 x 2*38 =: 22600 

144 
kilogrammetres, or 801 horse-power. Thus the efiective work was ^^ = *48. It must be observed 

that the engine was not working at its maximum power. 

Note E. — Dimensiona of the Farts of Emiines. — The formnlie which we have already given enable 
us to calculate the heating surface and tne adhesive weight. It now remains for us to fix the 
dimensions of the principal P^rts. Our experiments lead to the following results; — 

Firc-hac. — The surface of the fire-box ought to be not less than ; — ^from 6 to 8 square mHres, 
for a total heating surface of 80 to 150 square metres ; from 9 to 10 square m^tn^ for a total 
heating surface of 150 to 200 square metres. 

Cylinders, — ^The diameter of the cylinders will be from 

38 to 40 centimetres for engines with free wheels, 
40 „ 42 „ for mixed engines, 

42 „ 45 „ for engines with 6 wheels coupled, 

48 „ 50 „ for engines with 8 wheels coupled. 

Ijarge cylinders give great power to start a load, but they use a large quantity of steam when in 
motion. In every case their diameter will be fixed by these two considerations. 

Wheels. — The diameter of the wheels sliould be sufficiently great to prevent a too high rate of 
speed in the oscillating parts. The heavier the mechanism, the lower will be the limit of this 
speed. We recommend the following limits ^whence result the maximum number of revolutions 
a second) ; — 

2 to 2">*80 for express engines, free wheels, 

ry = 80^) 3-5 to 3* 1 revolutions a second ; 
1 * 60 to 1*"* 80 for passenger mixed engines, 

(V = 55^) 2*8 to 2*7 revolutions a second; 
1"*'40 for goods engines to be used on a level, 

(V = 30^) 1*9 revolution ft second ; 
1 *20 to 1™'30 for goods engines to be used on steep gradients, 
(Y = 24^) 1 * 7 to 1 * 6 revolution a second. 

Note F, — Power of Brakes. — A few observations on the action of brakes may be added to the 
remarks we have already made on the subject of the resistance of any vehicle running upon a 
railway. 

Usually, brakes are applied so as to stop the wheels altogether, that is, the wheels are made 
to slide upon the rails while remaining motionless relatively to the vehicle ; usually also, the 
brake-blocks are of wood, and of that kind of wood which offers the greatest friction, in order to 
reduce the force applied to them. When the action of the brakes is continued for any considerable 
length of time, that portion of the wheel which is in contact with the rail is worn away, thereby 
causing a fiat surface in the tiro of the wheel, and the wooden blocks aro quickly destroyed. To 
remove these two defects, it has been proposed to allow the wheels to revolve slowly in contact 
with the brake-blocks, and to substitute iron for wooden blocks. The question is whether this 
change would reduce the useful effect of the brakes. For the purpose of solving this important 
Question, the following experiments wero undertaken. Two trains wero made up of an engine, the 
dynamometer car, and a brake-van. The brake-van of the first train was provided with wooden 
brake-blocks ; in the second train, a van with cast-iron blocks was substituted for it. 

The two series of exQeriments wero made upon the same piece of line, when the rails wero 
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quite dry. A determinate speed was kept for a certain time, then, at a given signal, the steam 
was shut off; at the same insiemt the brakes were applied and the train left till it came to a stand. 
By means of the dynamometer car the distance, the speed, and the resistance offered by the brake- 
van were accurately measured. Another mode of experimenting consisted in applying the brakes 
while the engine continued to draw, keeping up during the time of the experiment a uniform 
speed. 
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Table XXIX. gives the results of these experiments. The mean speed is the same in both 
series. The resistance of the brakes provided with wooden blocks, when the wheels were prevented 
from revolving at all, was 817 kilogrammes, while that of the brake furnished with cast-iron blocks, 
when the wheels were made to revolve slowly, was 1100 kilogrammes. Beferring these resistances 
to the weight of the corresponding brake-van, we find them equal to 

0*128 of the weight for the brake with fixed wheels, 

0* 192 of the weight for the brake with wheels turning slowly. 

7%t», a eonHderably greater effect can he dbtained from a hrahe, by allowing the wheels to him sAHo/y 
than by stopping them altogether. 

From a theoretical point of view, this fact may be explained in the following way ; — 

Let W be the weight of the brake-van; s the distance run from the moment when the wheels 
are stopped till the tein is brought to a standstill, and / the coefficient of friction of the tire on 
the rail. 

The negative work of the brake will be expressed bv W x / x s. 

Again, let / be the coefficient of friction of the tire which turns slowly, and a* the distance 
traversed by a point of the tire, relatively to the rail, during the whole of the time occupied in 
stopping. 

The negative work of the brake will l^e expressed by W x /* x a'« 

If the initial vis tiva is the same in both cases, we shall have Wfss: Wf «'. But we have «<< t. 
Therefore, f must be greater than /. 

The excess off over / may be thus explained. 
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The effect of the frictioQ of the wheel ftgainst the bxake-blook is to bring the exterior moleonles 
of the tire into the position represented by Fix. 2613. 

ThiB position of the molecules is reversed at ^^^ 

each revolntion by the friction caused by the 
sliding on the rails. These two frictions in con- 
trary directions, increase each other in a marked 
degree. 

But when the wheel is fixed, a small flat face 
is formed upon which the sliding is effected with 
greater facility. These hypotheses are confirmed 
^ by practice. As a matter of fact, the tires which 
rub against the iron blocks are worn out in a 
short time, without in any degree destroying their 
circular form. 

We must remark that the resistaiice of brakes 
increases as the speed diminishes. This fisust is 
shown hj Table XXIX., and especially by the 
form which the curves of the diagrams assume. 
We perfectly agree on this subject withM. Bochet, whose experiments are discussed in the Annales 
des Mines. 

Note G. — Lowest Limit to the Speed of Trains, — The study of our dynamometrical curves has con- 
vinced us that it is not advantageous to reduce the speed of goods trains to a very low ratc^ even 
where the gradients are steep. »o long as the train moves at a pretty good speed, the oscillations of 
the dynamometrical curve are inconsiderable, as shown by the dotted Ime in Fig. 2614 ; the 
train oeing in this case kept steady by the vie vita which it has stored up ; but if the train 
moves very slowly, the oeoiUationa of the curve become great, as shown by the full line. 

2614 




In this case, the upper and lower limits 6 &, e c, of the oscillations diverge widely from the line a a, 
representing the mean tractive force ; this force does not sensibly change so long as a speed of 
20 kilometres an hour is not exceeded. We see, therefore, that a very low rato of speed, the effect 
of which is to raise the upper limit 6 6, would re<iuire greater forces for the same mean traction. 
Consequently there will be greater risk of slipping. Besides, the production of steam becomes 
dif&cuft when the speed is very low. For these reasons, we think that the lowest limit of the speed 
of trains should be fixed at 12 kilomHres an hour. 

Note H, — Besietance of Engines vithout Tenders, — ^The resistances of engines may be considered as 
composed of three elements ; — 

1. Resistances due to the motion of the engine considered as a mere vehicle ; 

2. Resistances due to the friction of the mechanism ; 

3. Resistances due to the additional friction caused by the pressure of the steam. 
For goods engines with three coupled axles, we found, to the ton ;—*- 

For the resistances due to the first 6^*15 

„ „ „ second 6^*05 

„ „ „ third 3^02 

Total .. .. 15^*22 

The total resistance to the ton for a goods engine is, therefore, 15^ * 22. It will be noticed that 
the resistance due to the second cause is nearly equal that due to the first. 

We were unable to determine the third element in the case of mixed engines with free wheels, 
because at the usual speed of those engines we could not make the hvpothesis on which we calcu- 
lated goods engines. There is reason to believe, however, that in this kmd of engine, the additional 
resistances due to the pressure of the steam do not exceed those found for goods ennnte, and that 
further, they are about equal to these latter. Admitting this, we shall have approxmiatively ; — 

Passenger Engines (^Free WheeU^ 

1. For the resistances due to the first cause S^'OO 

2. „ „ „ second „ 2^*00 

8. „ „ „ third „ 8^-00 



^ 



Total resistance a ton .. 8^*00 

Mixed Engines, 

1. For the resistances due to the first cause 6^*22 

2. „ „ „ second ,, 4^*88 

8. „ „ „ third „ 8^00 

Total resistance a ton .. .. 12^*60 
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1864 EFFLUX CHAMBER. 

Nate K, — Comporiiion of the Qreaae in we en the Eastern BaUway (of f^rcmce), — The experimenta 
to which we have referred when oonsidering friction in a greaae-box^ were nuide with the greoae 
and oil now used on the Eastern Railway. The grease is composed as follows ; — 

{White taUow 0*123 

Grey tallow 0*123 

Paimoil 0123 

Old grease 0123 

Pure water 0*388 

Lye 0*120 

1-000 

I White tallow 0*22 

Grey tallow 0*22 

Puii water 0*41 

Lye 0*15 

1*00 

For oil-boxes, unporified colza oil is used. 

It will be seen from the above, that the lubricating substance employed was only of ordinary 
quality. By using better grease, coefficients may be obtained approaching nearer and nearer to 
those found for oil. 

EARTHWORK. Fb., Terranement; Geb., Erdbaw, JSrdachuttung ; Ital., Lavori di terra; 
Span., Movimienio de tierras. 

See Embankment. Fobtivtoation. Railwat ENOiNEEBnro. 

ECGENTRIO. Fb., Exoentrique; Geb., Excentrik; Itai*., EccenMoo; Span EaoAUrioo. 

See Gam. Details of Enqinis, p. 1196. Meohanioal Movements. 

EFFLUX CHAMBER. Fb., Chatnbre d'^ooulement f Couloir; Geb., Aiulauf; Aum&ndfing ; 
Span., Cdmantma de salida. 

The efflux and infiux chambers (Brooklyn Water-works, n.S.), at Ridgewood, possess some 
points of novelty that deserve the attention of engineers. 

The influent chamber is placed at the south end of the division embankment, and the effluent 
chamber at the north end or the same embankment. Each chamber is arranged to communicate 
with both compartments of the reservoir, or with either compartment at will. The distance between 
the two chambers is 1215 ft. The water, therefore, received into either compartment ef the 
reservoir, from the mfluent chamber, has more than this distance to travel before reaching the 
chamber whence it is delivered to the city, and during its imperceptible progress, as regards velocity, 
between these two points, it has ample time to deposit any sediment with which it may have been 
charged. But as it very rarely happens that the water in the conduit or pump-well is affected in 
this way, it usually reaches the reservoir clear as spring water. For this character of water, two 
divisions in the reservoir would not have been necessary, as providing from one to the other for the 
intermittent retention necessary to subsidence, one compartment would have equally satisfied the 
necessities of the case as to that point ; but the two are necessary as a means of cleaning and repuir- 
ing the reservoir without drawing off more than half of its reserve of water. 

The influent chamber is in length 28 ft., width 19 ft. ; the bottom is situated 6 ft. below high 
water of the reservoir, and 4} ft. below the centre of the mouth of the delivering pipes. From this 
pool, or chamber of water, an open passage communicates with the western division of the reservoir, 
and another with the eastern division. Either of these passages can be shut off by flash-boards* 
and the whole delivery, in that case, thrown into the opposite division. The water, flowing through 
these passages, ftkUs. wnen the reservoir is low, into a mallow well of water, placed there to protect 
the paving of the slope from the wear of the falling water ; thence it reaches the reservoir over a 
brick paving set on edge, laid in mortar, and resting on the heavy stonework of the foundations. 
A portion of the bottom of the reservoir is paved here, to defend the bottom when the water first 
touches it. This paving is of stone, laid in hydraulic mortar. These last details are not seen when 
the reservoir is fml. 

The masonry of the work consists of granite, carried up in courses, the face-stones being cut in 
bed and build, and dressed to the lines of the work. The whole is laid in hydraulic mortar, com- 
posed as already described. Figs. 2615 to 2619 give the details of the foundations and other 
particulars. 

The influent chamber is large enough to receive the terminal pipes of four force-mains, being 
the number necessary to deliver the waters of four engines, each of 10,000,000 mllons daUv capacity, 
covering, therefore, tne 40,000,000 of supply contemplated in the design of these works, half of 
which supply is provided for. 

The chamber shows but two delivery-pipes now, being the mouths of the force-mains in current 
use. These terminal pipes are carefully built into the masonry, the back of which, in contact with 
the earthen embankments, is carefull;^ puddled all round, tlus puddle beixw connected with the 
puddle of the reservoir. A separate piece of masonry, situated at the foot of the exterior slope of 
the bank, holds and envelops the mains there also, and secures the pipes from any longitudinal 
motion within the reservoir grounds, and from the leakage which sucn motion might entail. An 
inspection of the sharp inclination upon which the force-main pipes are laid, below the reservoir, 
will show the risk of some such effect being produced there. 

The effluent chamber. Figs. 2620 to 2624, is arranged so as to connect the city supply-mains with 
the water of either division of the reservoir, or with both, at convenience. Kirkwood s object was, 
in both chambers, to simplify as much as possible, the connection of the mains with the reaervoit 
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ELECTRO-METALLUBGY. 1867 

oompartmenta, and at the same time to make their pipes easily aoceaable for repairs, oomplioating 
as little as possible, under such oircumstanoes, the reservoir works. 

The water-space of the effluent chamber is oonnected,b7 passages 11 ft. wide, with the two 
dlTisions of the reservoir, A heavj g^nite wall is bui]t across each passage, rising to the same 
level as the top of the reservoir banks. In each wall there are four opomngs, the two lower openings 
beinff 3x8 each, and the two upper openings 8x4 each. Iron sluices running in iron slides, 
faoea with composition metal, cover and control these openings. From these sluices, iron rods of 
2 in. diameter rise to the top of the work, where they terminate in screws and gearing for the 
movement of these sluices. The faces of these iron sluices are parallel ; — it is evident now that 
they would have been tighter, had the sluices been wedge-shaped, like the sluice-gates of ordinary 
stop-cocks. The possibility of their getting fixed in that case, induced the engineers to have them 
made as they are. 

In front of the sluices, towards the reservoir, in each passage, copper-wire screens are placed, 
22 ft. in height, to prevent fish, leaves, &c., from passing into the effluent chamber, and so into. the 
supply-pipes. As a further precaution, a screen of similar material defends the pipe-mouth. 

immediately behind the effluent chamber proper, but connected with it, there is a dry chamber, 
open to the surface, except as it is now covered by a movable iron roofing. The supply-mains pass 
through this dry chamber, and it is here that the stop-cocks of these mains and tne stop-cocks of 
the waste-pipes are plaoea. Into the granite wall, 6 ft,, thick, separating this chamber from the 
water chamber, the tnree mouth-pipes of the three pipe-mains, each of 36 in. diameter, are built in 
place. There is but one of these mains in use now, and but one laige stop-cook in the chamber at 
present ; the mouths of the other pipe-mains are for the present closed in front Into the opposite 
wall of the stop-cock chamber, pieces of the same sized mains are built, in order that when a second 
or third main is required to be laid, it may not be necessary to break into any of the masonry. In 
the same chamber the stop-cocks of the waste-pipes are found. These waste-pipes are of 12 in. 
diameter, and communicate with each division of the reservoir, their stop^wcks being closed, except 
when, in the course of drawing the water ofi" either division, the bottom is desired to be drained off 
thoroughly. This drainage water is carried by a l2-in. pipe to a pond hole on the opposite side of 
the turnpike load. The months of these drain-pipes are outside of the copper screens, as will be 
seen in Figs. 2620 to 2624. 

The bottom of this chamber as well as of the effluent chamber proper, is paved with hard-burnt 
brick, set on edge, and laid in cement mortar. The masonrv is of olue stone, finidied with coursed 
granite, except the heavy foundations, which are of rubble-work. The whole work is laid in 
hydraulic cement mortar. The earthwork of the division embankments, where it connects with the 
masonry, was carefully rammed, and the puddle wall of the embankment was widened there, so as 
to cover the whole space between the buttresses. The puddle was enlarged in the same manner 
behind the walls of the influent chamber. 

The apparatus for moving the sluices is protected by a small house built over each passage. 

The paving of the reservoir slopes, where they meet the top lines of the banks, is finished by a 
dwarf wall, and blue stone coping, opon which there is placed a low iron fence. 

ELEOTRIO TELEGBAPH. FR., T^graphe ^tectrique; Gkb., Electriiche TOegraph; Ital., 
THegrafo detirioo ; Span., Tel^grafo ei^cirico. 

An Electric Telegraph, or Etectra-Magnetic Telegraph, is a telegraph in which the operator at one 
station causes words or signs to be recorded or exhibited at another by means of a current of elec- 
tricity, generated by a battery, and transmitted over an intervening wire. See Tblegbapht. 

ELEOTRO-MAGNET. Fb., Atmant-^iectrique ; Gkb., Electriacher Magnet; Ital., Catamita 
tcmporaria ; Spak., Tman eUctrico, 

See BoBU^G akd Blastino, p. 572. 

ELEGTBO-METALLURGT. Fr^ £lectr<hmnaliurgie ; Qesu, Electrometallnrgia ; iTAh^Elettnh 
metallurgia ; Span., Electrometalurgia. 

Electro-metallurgy is the art of depositing metals from solutions of their salts upon metallic 
surfaces by the action of voltaic electricity. The most extensively known of the many specific 
processes included under this generic name is that of electrotype, the use of which is ; — 

1st. To deposit upon a baser metal a thin, continuous^ and adherent layer of a more precious 
and less oxidaole metal ; or, 

Ihid. To obtain a continuous layer of metal, but not adherent, and of sufficient thickness to 
allow of its being separated Itom the subjacent object of which it gives an exact copy. This is the 
real use of the electrotype, properlv so odled. 

Bv those processes of tne hyoroplastic art which do not require the aid of electricity, only 
thin layers can be obtained, and the results are of the nature of those comprised in the fixvt case 
mentioned above. These deposits are called direct deposits, or deposits by simple immersion ; the 
most common being those of gold and silver. We cannot affirm that direct deposits are effected 
without the aid of electricity, for the presence of two different metals in the fluid produces a real 
galvanic battery. But we shall retain this name for those deposits which are effected without the 
assistance of a source of electricity external to the bath itself. There are, moreover, deposits called 
deposits by double affinity, which are produced by the contact of two metals in proper solutions. The 
most remarkable examples of these deposits are Boseleur's process of tinning and the process of 
coppering known as Weill's. 

Oi:0iinifi<7. — Before we consider these different deposits, we must say a few words concerning the 

S reparation of the metals by cleaning. Tliis operation, or rather, this series of operations, is 
esired to remove from the surface of the objects every trace of foreign substances, previously to 
their being immersed in the bath. This preparation is of the highest importance, for if it is impos- 
sible to obtain a good deposit in a bad bath, it is no more possible to obtain in an excellent bath a 
good deposit upon a piece which has been imperfectly clGaned. 

The mode of cleaning is not the same for all metals, and it may be mscAaiiiai/ or ehemioal. The 



1868 



ELECTEO-METALLUEGY. 



chemical process gives much more perfect resnlts than the mechanical, but, nnfortonately, it can be 
applied only to copper and its alloys. For all the other metals the chemical action may be em- 
ployed to begin the cleaning, but in nearly all cases it most be finished mechanically. 

Cleaning Copper and its Aihya.^The first thing to be done is to remove all greasy subetancet 
which accumulate on the surface of the metal, either during the processes of manufacture or from 
frequent contact with the hands. ' This result is obtained by two methods. The first consists in 
subjecting the metal to a temperature producing red heat ; this method cannot be applied to objects 
which have soldered joints, nor to those whose fragility would render them liable to injury, nor 
again to those which are required to retain their rigidity and sonorousness. In these cases recourse 
is had to the second method, which consists in placing the objects for several minutes in a boiling 
solution of potash and soda. 

When removed from this bath they are well nnsed and then placed in a mixture of from 5 to 
20 parts of sulphuric acid 66° and 100 parts of water, where they are allowed to remain until the 
black layer of bioxide of copper is transformed into a reddish layer of protoxide of copper. They 
are afterwards attached to copper hooks of various shapes, according to the weight and nature of the 
articles, Figs. 2625 to 2627, or placed in a kind of strainer made of grit stone, Figs. 2628 to 2^0, 
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to enable the operator to shake them easily when passing them through the various acids, and 
which are ; — 

1st. Weak aquafortis. This is nitric acid (aquafortis) nearlv exhausted by previous use. The 
objects are allowed to remain in it for several seconds. The advantages of employing weak aqua- 
fortis are, 1, a saving of new acids ; and 2, a less violent action upon tiiose light parts, certain por- 
tions of which are covered with oxide while the rest is metallic. 

2nd. Strong aquafortis. This is composed of 

Azotic acid 86° 10 litres. 

Beasalt lOOgnunmes. 

Calcined soot .. 100 „ 

The articles are placed in this for some seconds, then they are exposed to the air until the snr^ 
face is covered with a kind of green froth ; they are then plunged again into the strong aquafortis, 
after which they are well rinsed. 

8rd. Compounds for brightening the metal. When taken out of the aquafortis, the articles have 
a bright and metallic appearance which seems to indicate a state of perfect cleanliness. It is not 
so, however, and if we attempt to gild by immersion an article just taken from the aquafortis, the 
operation will probably result in failure. The case will be otherwise, however, if we pass the 
article through a mixture of 

Nitric acid 86° 10 litres. 

Sulphuric acid 66° 10 „ 

Sea salt 100 grammes. 



ELEOTBO-METALLUBaS. 



13C9 



On being; taken fMm thii bath the artiole will have a t^ght and clean appeanuioe, and the 
operation or oleanging will have been thotongblT performed. 

If, inntcad of a bright snrface, we require a axul one, the formula of the oomponent aoida will bs 
modined m foUowi ; — 

Azotio Boid 36° 20 litres. 

Snlphurio aoid 66° 10 „ 

Sea salt lOOgiammea. 

Snlpbate of zina 200 „ 

Theutideamiut beleft In tlkUb«thftoiuoDe(oteQ mlnntea, aooordlng to the degree of dnlneae 
nqniMd, wai thia dnlnoM, which will in all oaaes be too deep, moat be lightened bf pualng Uie 
•rtielei rapidly through the brigbtening oompotmdB. 

Another operation is often perfonnea for the parpoee of facilitating the adhcienee of the metal, 
and it oonriits in pluuging rapidly the artidee, alter the]' have undergone the olewuitig prooeM, into 
the fbUowing eolation; — 

Water 10 litres. 

AzoUte of mennuy 
Snlphurio acid 

_ . it suitable 
when thick depoelti of silver are . 
The aeriea of operations for the 
oomplete cleansing of oopper and 
ita alloya are, thna, the follow- 
ing;— 

The removal of greaBe. 
Bath of BUlphnr& add. 
Bath of weak aquafortis. 
Bath of strong kqoafortti. 
Baths of aoid oomponnds. 
Bath of nitrate <^ merenry. 
Between each of tlieae oper&. 
tlons a thorough ri ' 

xhns a aeriea of pans, unngsd 
u shown in Fig. 2631, are re- 
quired, the rinsing b^bming in ^ 
tiie lowest and ending In the 
highest, which ocmtains water free Ttoa aold. 

Fig. 2632 repreeants ; — A, furnaces for heating the artiolea ; B, pan t6r the sul^nrlo aeid bath ; 
0, pot of weak aquafortis ; D, pot of strong squafortiB ; E, pot of oomponnds for dulling the metal ; 
F, pot of ocnnpounds fbr Wghtening the metal ; Q, acotate of bioxida of mereniy. 




Oeeamng by ahclumkal ifau.— Tho cleansing by this means is effected bv the aid of revolving 
of hand brushes. Figs. 2636, 2637, lepresent hand-brushes made of fine brass wire. For very 
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delia»t«o^eet« ipnn glam Ii DBed. The broibreprcMnted by Fig. 2638 iiintendfld for Urge bronze 
■rticlea. FigH. 2633 to 2635 ahov the nuonei in whkh these brusliea &t« employed ; tlie; tie ideo 
Hied to brighten dull dapoaits, proTionsljr to the operation of buraiatung. 
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lb Chan Silrer, Zine, Trim, i'c, — We biTe alreu!; said (h&t the clea 
copper Bad its alloj* U in Devi; all cues effected bj mechanical met 
proceasea for the common netftla ; — 

Sliver is flnt heated eilhrr bjr pUdilg it directly in the fire or by enclosing it first iu iron boxes, 
and then plunged in sulphurio arid diluted with vster. The cleansing is aftervarils completed by* 
bnuhtng. Azotic iuBtdulofsDlphuriciu'.UI is BomctimeaGmplojed, but if the acid U not free from, 
chlorine, ohloride of tilver will bo foraed on the surface of the object. 
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Zino is olettned without miioh difflcalty when it is not joined with tin or lead. Unfortunately 
in practioe zinc articles are nearly always soldered. In any case, however, the following process, 
which has hitherto been seldom employed, gives satisfactory results. 

The grease being remoyed by a boiling solution of potash, the articles are passed xapidly through 
a liquid composed of 

Sulphuric add 66° 10 litres. 

Azotic acid 86° 10 „ 

Sea salt 100 grammes. 

This bath should be used exduslYely for zinc, and should not contain salts of copper, which 
would be reduced by the zinc, thereby causing a blackened surface. The articles must be well 
rinsed and the cleaning completed by means of brushing. 

Iron is cleansed by oeing immersed for seyeral hours in a yery weak solution of sulphuric acid 
In water— sk himdredth of acid is enough — and then brushed with iron-wire or coarse short hair- 
brushes. Hydrodilario acid is wnrontimee used, but sulphuric acid is to be preferzed, because it does 
not evaporate like h^drochlnrio acid. When the m^al has been nkmiwd, it is kspt in water 
slightly alkalized, if it is not required to place it at once m the bath. 

Steel is cleaned in the same way as iron, but it requires to be left for a shorter time in the 
acidulated water. 

Aluminium may be well cleansed in the following maimer ; — 

1. A short immersion in caustic water; 

2. An immerdon of several minutes in pure nitric add, which does not act upon the aluminium, 
but which destroys impurities on its surface ; 

8. A rapid passage through veiy weak fluorhydric add ; 

4. A passage through liquid phosphoric acid. 

If the aluminium is pure, the object, when taken out of the last bath, has a white and brilliant 
appearance. 

Lead and tin cannot be cleaned by means of adds ; recourse must, in these cases, be had to the 
brush and some fine powder, such as pounce. 

Metallio Deposits obtained by Simple /mm«r«iofi.'— Metallic deposits by simple Immerdon may be 
considered as particular cams of the general law of the precipitation of metals by other metals 
more ozidable. The conditions to be fulfilled hi the case we are conddering aro the following ; — 
the precipitated metal should form on the surface of the predpitating metal a uniform, continuous, 
and adherent layer, possessing all the qualities peculiar to it, such as brilliancy, colour, hardness, 
nnchangeableness, wnen exposed to the influence of atmospheric agents, &c. 

It is seldom that theprecipitation of metals can be effected with all these conditions without 
the aid of electricity. The general prindple of direct depodts is this; — 

If a metal be placed in a solution of another metal leas ozidable, the moro ozidable will sub- 
ditute itself for the other metal in the solution, whilst the latter will be precipitated in a metallic 
state in equivalent atomic proportions. 

Host commonly the metal is predpitated in a pulverulent state and has no adhesion with the 
subjacent metaL Sometimes, on the contrary, as hi the cases of gilding and silvering by immer- 
don, eztremdy adhedve depodts are obtained. 

It seems reasonable to suppose that in aU cases the effects produced are not due merely to 
chemical affinity^ but that they result in part from the electric current caused by the contact of 
two metals in a liquid which exerts a chemical action upon them. 

It follows from what we have said above that with direct depodts only very thin layers can be 
obtained, since the action must evidently cease when the whole surface of the ozidable metal is 
covered, there being then in reality only one metal in contact with the liquid. We shall have 
occasion later to notice an ezception to this general rule in the case of silvering by the method of 
dipmng with bisulphate of soda, but this does not weaken the theory of direct deposits. 

The following is, according to M. Dumas, the Table of metallic salts redudble by other metals, 
and of those the solutions of which are not redudble by the metals; — 



Sdti» the SolnUoiw of 

which are Irredodble bj 

theMeto]& 



lianganese. 

Zlna 

Iron. 

Chromium. 

Cobalt. 

Cerium. 

Uranite. 

Titanium* 

NickeL 



Salts, the Solntioos of which an Bedocible 
by certain IfeUla 



Tin. 

Antimony. 

Arsenic. 

Bismuth. 

Lead. 

Conper. 

Tdlunum. 

Nitrate of 
Meroury 

SUver 



Palladium I 
Bhodium I 
Platina .. > 
Gold .. I 
Ormium I 
Sodium ../ 



Beduced bv iron, 

dnc, and all 

the above. 

Beduced by zinc, 

manganese, 

cobalt, and all 

those which 

precede silver. 



Beduced by iron, 
zinc, and perhaps 
manganese. 



1872 ELECTRO-METALLURGY. 

Ben^ns gives the following seriea in which each metal is reduced from its solution by those 
which follow it ; — 

Gold, — silver, — mercury, — ^bismuth, — copper,— tin, — zinc. 

Between the state of the precipitate and the decomposing force there exists a certain relatioOi 
In general, a too energetic action gives pulverulent deposit, whilst a tardy action gives either an 
adherent metallic layer, or flakes, or, again, crystals. Thus, solutions had to be sought which 
would give up their metal in contact with anoUier metal, but with sufficient slowness to avoid a 
pulverulent deposit. 

OUding by the Method of Dipping, — It was not till a^ great number of experiments were made that 
the conditions necessary for a good deposit were discovered and fulfilled. We shall describe only 
the most important of these; but we shall give more in detail the methods actually in use. 

Gilding oy immersion is applicable only to silver, to copper, and its idlovs, or to metals previously 




result, long known bv experience, is confirmed by theory. The gold exists in this bath in the state 
of perchloride Au' Cl' ; therefore, there must be three equivalents of copper entering into dissolution 
for two equivalents of gold precipitated, in order that no chlorine may he set free. An attempt was 
next made to dissolve the cnloriae of gold in sulphuric ether, with results dightly more satisfactory. 
Maoquer, in his Dictionnaire de Ghimie, proposed to employ an alkaline solution instead of the acid 
one. This was the first step in a practical diroction. Proust, Pelletier, and Duportal, were perfectly 
Buooeisful in an attempt to gild copper with a solution of chloride of gold in carbomate of potash. 
This method was improved by Elkmgton, who patented his invention in 1836. 

Elkington's method, whion was the only one employed for some years, consists of the following 
processes; — 

In an iron vessel, gUded on the inside by boiling an old bath in it, this mixture was placed and 
made to boil, 

Bicarbonate of potash 9 kilogrammes. 

Ghloride of gold .. 240 grammes. 

Water 16 litres. 

The boiling was continued for at least two hours, the water being renewed as it evaporated. At 
the expiration of this time, a portion of the gold has been precipitated under the form of a purplish 
black powder. The whole is then left to cool and decanted. A second boiling ia requisite to render 
the bath fit for use ; it is then of greenish colour. 

When baths for gilding by simple immersion in an alkaline solution were first invented, the 
reaction which takes place was explained in various ways. It was even asserted that the perohloride 
of gold was transformed into protochloride under the influence of certain organic matters, such as 
saw-dust, capable of reducing gold. It was easy to refute this opinibn, for articles which have not 
been dried may be gilded qs well as those which have been dried by saw-dust 

M. Barral has propounded a theory which seems to explain facts in a rational manner. He 
shows that in a bicarbonate bath two equivalents of copper are dissolved while two equivalents of 
gold are deposited. Further, he has proved that in a oath absolutely exhausted, we shall find 
chloride of potassium and chlorate of potash instead of bicarbonate. M. Barral thinks, therefore, 
that for two equivalents of gold precipitated, there are three equivalents of chlorine set free. Tv^o 
of these three equivalents form chloride of copper at the expense of the object immersed, and one 
equivalent seizes upon the potash. To represent this reaction, we may, therefore, write the formula 

8Au«01« + 6K0 + 6Cu = 8Cu«01 + 6C1K+ C10»K + 3 Au«. 

Or if we admit the formation of bichloride of copper, we shall have 

6Au«Cl" + 120U4-6KO = 12 Cu 01 + 5 CIK + QO* KG + 6 Au«. 

The latter reaction is the more probable, on account of the greenish blue tint which the liquid 
assumes. 

The whole of the gold contained in this bath cannot be utilized. We must stop when a third or 
at most a half of the gold in solution has been deposited. This defect added to that of giving good 
results only when the bath is very much concentrated, has led to the nearly general rejection of this 
kind of bath. 

Roseleur's Process, — This process is now employed almost to the exclusion of aH others. The 
inventor, M. Alfred Boseleur, to whose labours most of the progress hitherto made ia this art is due, 
luLs fumi^ed us with some practical details, which have been tested by our own experience. 

The best bath is composed of 

DistiUed water 10 litres. 

Pyrophosphate of soda 800 grammes. 

Oyanhydric acid 8 „ 

Ghloride of gold 20 „ 

This quantity of chloride of gold represents 10 grammes of gold treated by the aqua regalis. 

To prepare this bath, heat 9 litres of distilled water, into which pour slowly, stirring at the 
same time with a glass rod, 800 grammes of pyrophosphate. When the salt is completely dissolved, 
filter the liquid and leave to cooL Place in a glass vessel 

10 grammes of virgin gold ; 

80 „ of pure hydrochloric acid ; 

15 „ of pure mtrio acid 
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Heat 8lightlv nntil rod vapours aro evolved. Then allow the flolntion to take plaoo, which will 
give a deep yellow liquid; evaporate this liquid until it has reached the consistence of simp. 
When sufficiently evaporated, the liquid will throw off no perceptible vapours, and it will be of a 
diurk crimson colour. 

Dissolve the chloride of eold in distilled water, and filter. This filtration serves to separate the 
chloride of silver which has been formed, owing to the presence of a small quantity of silver, which 
the puresif gold "of oommeroe always contains. The niter must be washed several times to take 
away all the chloride of gold, and the tenth litre of liquid completed with distilled water. Pour 
the chloride of gold thus placed in solution into the solution of pyrophosphate to which prussio 
acid has been added. This latter acid is not indispensable, but it renders the action of the bath 
regular. Hie liquid should be colourless ; if it has a violaceous tint, it is because too small a 
quantity of oyanhydric acid has been used. This acid must be added with caution, for an excess 
of it would render the plating impossible without the aid of a battery. 

A bath pepared in the manner described above, g|ives a very good yellow plating u]ion copper 
or brass articles cleaned by the processes already explained. It may be used also to gild silver. For 
this purpose, the proportion of cyanhydric acid must be slightly increased, and the articles boiled 
for about half an hour in the liquid so obtained. The thickness of the layer may be increased by 
moving the articles with a copper or sine rod. 

The gilding of copper may, by this method, acquire a certain thickness, if the article be dipped 
into a very weak solution of nitxate of mercury before it is placed in the bath. By repeating this 
operation several times, several successive layers 
of gold may be deposited, for instead of the gilded 
su^Boe having no action on the bath, we expose 
successively a layer of mercury, which is dissolved 
in the bath, and is replaced on the smtmod of the 
object by a fresh quantity of gold. 

In this vray, by means of simple Immersion, a 
plating may be executed capable of rivalling that 
obtained by means of the battery. 

When taken from the batl^ the articles are 
well rinsed and dried in hot saw-dust. If they 
are hollow, they must be dried in a stove heated 
up to 70^ or SOP. Fig. 2689 represents a small 
stove with a saw-dust box and metal sieves for 
separating the saw-dust from small articles. These 
articles TOing too small to be brushed are some- 
times sifted to render them bright. Figs. 2640, 
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2641, represent two of this kind of sieves. Their H^-^z-m -^ 
arrangement and mode of aotion will be seen by L-ll^ca*^ 
the figures. 
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If it happen, which is but too often the case, that on being taken out of the bath the plating is 
found to be imperfect, either on account of accidents or on account of having neglected some of the 
precautions we have pointed out, the defect may be remedied by a process called by the French 
mue en couleur. 

This consists in covering the defective articles with a mixture of the following salts dlBsolved in 
their water of crystallization : — 

Sulphate of iron 

8uljph»teof«mo .. .. .. .. ^Bq^p^ 

Azotate of potash 
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IgneouB fiuion. The articles ure then jdnnged into water contBining sulphuric acid. The salts are 
lapidlf duBolvad and the Bilding appears with & bemttiful warn and unifurm tint. IF there ba 
parts too highlr coloured thej in»j M lednoed by striking them with the long bristles of a brash, 
M lepieaented in Fig. 2G4S, 




The above prooeas cannot be employed on very fragile articles ; the only remedy in this caw 
being the battoiy. 

Snch is the method of eildinz by immersion adopted by nearly all gilders. It is eapedallv 
adapted to imall articles of jewellery, but it may be employed for larger objects requiring a rich 
gilduw. Bkiltnl operators gild daily tbonsands of articles by this method, equal in appearaDce 
and solldi^ to those gilded by the electric process. 

If we oompare Boselenr's to Elkington s bath, we see at once the adranta^ of (he former. ' 
Dilation In the one, oonoentiation in the other ; rapidity in the former, loss of time ia the latter ; 
abilitytonse nearly all the gold in the pvrophonibate bnth, inability to nse more than half the gold 
contained in the bioatbonate : the possibility of depositing at pleasure a small or a laive quantity 
of gold with tho one, much narrower restrictions with the other. We say this, not to detract from 
the merit of the famous English inventor, who was the first to discover a really practical processj 
bnt to show the advantages offered by the new method. 

With the pyropbosp^te bath we may, if we choose, deposit only 50 gramme of gold npon a 
kilogramme of jewellery. Bmall as this quantity is, it ia too largo for some maDnfaotnrers who 
desire only the appearance of gold. The following bath will satisfy them ; — 

Water 10 litres. 

Bicarbonate of potash 200 ftrammea. 

Caustic potash 1*800 kilogramme. 

Cyanide of potassium 90 grammes. 

Culorideof gold .. .. 20 grammes. 

This will give a very light, bnt sufficiently adheelye gilding. 

Gildiag Alamiaium by tht Diming Pnceit. — A process invented by H. Maiche For gilding alu- 
mininm, if not of great practical value, poaseaset interest from a soientifla point of view 
The bath which he uses is formed of 

Gold traDsfonned into ammoniaret 10 grammes. 

Cyanide of potassiam 20 „ 

DiatiUed water 10 litres. 

This bath ssed cold gives an adhesive gilding npon aluminium. The aluminium must be 
cleansed and rubbed with pounce before it is put Into the bath. 

Siher Platiryj by tht Method of Dipping. — The oldest method of silvering is by boiling. By this 
means an eieeedingly small qnanti^ of bUvct migbt be deposited upon copper. The (bllowing is 
the commonest Formkus ; — 

Silver, or chloride of sflver 30 grammea. 

Powdered oraam of tartar 2'50 „ 

Beasalt 250 „ 

This Is made into a paste 'and kept in an opaooe resiel for nse. The articles are placed in a 
kind of basin pierced with boles, nud plunged into boiling water contained in the lower basin. Fig. 
264G, to which several spoonfuls of the silver paste have been added. The snrfoces of tho articles 
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kre aftarwwds brightened b; toMDS ot Ibo Bieve, foi thii kind of aQveriiig is too slight to bear 

bnuhing. 

A Bomeirhiit thiohet plating nuiy be obtained by meang of (be following solntion ;- 

DiBtiUed w&to .. 9 gTBinmeB. WU- 

Caiutio potash.. .. !&} „ 

Bicarbonato of potash 100 „ 
Cjanide of potauiiua 60 „ 
Azotate of eUiet 20 „ 

Tbie bath fa emplojed chiefly for artielea 
need in carnage building. 

All baths of doable cyanide of silTer and 
of polsBaiuni whiten copper, even when cold, 
when (hey hare a great czcesa of cyanide 
of potassium. To make true silTerine hatha 
of them, they have only to be Taiaea to the 



Water !0 

Cyanide of potaiainm 500 
AiotateofnlTei .. 150 

This bath rirae a hrUlisnl plattng, but rather light, and ia especially adapted for those articlea 
of jewelton' which are too b^le to bear bruahinc; the time of immenion shonld be only a few 
eeconda. The cyanide of potasaiam employed in &ia hath oonsiata of abont 65 per cent, of real 
cyanide and 35 per cent, of carbonate of potash. 

Eilveniuj uiYA the Cold SafA.— This method, which is comparatively seldom employed, gives the 
whitest and the most nnchangeable plating, and is the moat eoonomi(M. It ia not snitable for very 
tbiok depcMits, bnt it givee excellent results when only a thin or a moderate thiekneaa of plating ta 
reqntred. 

""topT eth 

A liqnid hisolphite of soda In flnt prepared hy ponring inlphnroni add into a concentrated 
solution of carbonate of aoda nntil all the carbonic acid has been displaoed by the anlphnrona acid. 
The liqnid ahould be slightly acid, and ahonid redden slightly tnnuole-blne paper. It ahonld mark 
from 21° to 2G^ on the salinometer. 

Having prepared a solntion of 100 grammee of nitrate of eilrer in I litre of distilled water, it 
is poured gently into the bisulphite of aoda, stirring at the same time to canae the white precipi- 
tate of sulphite of silver, whii^ is formed by the contact of the two metals, to disappear. Being 
dissolved in an excess '' ealphite of soda, thia precipitate forms a double snlphito of soda and 
silver, which constitutes '.he bath. 

By placing ooppei or brass artiolee, .previously cleansed, into thia bath, we may obtain, aoeord- 
ing to the time of immersion ;- — 

1. A coating as light aa we wish, and perfectly white and bright. An immersion of a few 
aeoonds is saffloient for this pnipoae. 

2. A more aolid plating, such as ia required for jewellery. A quarter of an hoar is sufBalent to 
prodoee this result. 

3. A dull plating, eqnal to that pradnoed b; the battery, for all articlea vrhlch do not require a 
veiy thiok deposit. 

The bath most be kept np by adding alternately salts of silver and biinilphite of soda, taking 
care to pnt into ttie bath as mncn salts of silver as it can easUy diasolve. A deposit is gradually 
formed on the bottom and the sides of the vessel ; this deposit mnst be removed bom time to time 

■- '— offtheUqnld. 

V have sud above with respect to the obtaining, within a ccataln limit, any thickness of 
ceating, oeems to contradict the theory which we have already given. But we have in the case of 
the bisulphite bath a double phenomenon. At flrst the deposit is effected by the ordinary reaction 
— that i^ one equivalent of copper is sntistitDted for one ecmivalent of silver in the solution, whilst 
une equivalent of silver reduobd to the metallic state affixes itself to the copper article. But, 
besides this aetioQ, another is produced, due to the special compoaEtion of the bath, and in virtue 
of which the action of depositing is continued. We have, in fact, brought ti^ether sulphite of 
soda and aulphito of oxide of silver, or, for this latter, sulphurous aoid, oxygen, and silver. But 
silver has little afOnity for stUpharoas acid and oxygen : sulphnrons aoid, on the conttmry, haa 
great affinity for oxygen, and has a tendencv to tiansforn itself into sulphuric acid. We may, 
therefore, nalnrally admit that the silver of the sulphite of silver is deposited in a metallio state 
upon the objecta, and that the sutpbnrona acid of this substance oontbinee with the oxygen to form 
svlr^nric acid, luid, consequently, inlpbate of soda. 

This faot may be repreaented by the following formula ; — 

SCNaO, BCAgO = BCNaO + B0» + Ag. 

It is diCSenIt to eiplain, except by the love of routine, why this kind of bath, the advantages of 
which are so obvious, hns not been more generally adopted. Bequiring no heating, beaidee the 
saving thereby elfeoted, it is alwsys read; hi use, and is not restricted by the siie of uie veasel, as 
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in the oaae of hot baths. The battery is not required, and the weight of the silver deposited is 
always proportional to the time of immersion, a fact which enables ns to calculate exactly the value 
of the plating. Again, bisulphite of soda is a harmless and a not very costly article. 

Tinning by the Method of Dipping. — A hot solution of 300 grammes of alum and 10 grammes of 
protochloride of tin in 20 litres of water gives a bath by means of which a very light deposit of tin 
may be made upon iron and zinc. This mere pellicle is incapable of preserving the metal from 
oxidation, and is used only for the commonest objects or as a complement to the cleansing before 
immersion in other baths. Large quantities of hooks and eyes are tinned by this process. 

Antimony Plating hy the Dipping Process, — Antimony is firmly deposited upon copper and its 
alloys, without the aid of a battery, in a bath composed of— water, 10 litres, oxichloride of anti- 
mony, 20 grammes. The liquid should be slightly acidulated by means of hydrochloric acid, and 
used boilmg. In this bath articles are in a few minutes covered with a beautiful coating of 
antimony. 

Coppering Zinc by the Dipping Process. — Zinc which is to be gilded must first be covered with a 
tolerably thick coating of copper. For this operation, recourse is had to two baths which are suc- 
cessively employed. The first, with a cyanide of potassium base, is used with a voltaic battery, 
and the article receives in this first bath a sufficient coating of copper to preserve it from the acid 
action of the second, which is an acid solution of sulphate of copper also used with the battery. 

The cyanide of potassium bath is too expensive relatively to the low price of the articles manu- 
factured, and therefore much is to be gained by substituting a dipping bath for the cyanide of 
potassium and the electric baths. The foUovring is suitable for this purpose ; — 

A quantity of cyanhydric acid, sufficient to produce saturation, is applied to common ammonia 
at 22^, and into the liquid thus obtained an ammoniacal solution of any salt of copper is poured. 
By this means a double cyanide of copper and ammonium is formed very suitable for coppering 
zinc, on the condition that it always remain highly alkaline. The following proportions give the 
best results *— 

Liquid cyanide of ammonium 1 kilogramme. 

DistUled water 20 litres. 

Acetate of copper 200 grammes. 

Ammonia 22^ 100 „ 

The plating thus obtained is of a beautiful light red colour and remarkably adhesive. 

Coppering Iron by the Dipping Process. — ^Iron wire and certain small articles are sometimes cop- 
pered by this process. It consists in immersing the articles rapidly in an acid— a weak solution of 
sulphate of copper. A very thin coating of copper is thus deposited, to which the draw-plate 
gives a little more adhesion and brightness. If the immersion were not made rapidly the iron 
would be acted upon by the acid of the bath, and the copper would be reduced under the form of 
a brownish red mud having no adhesivequality. 

Metallic Deposits by Double Affinity. — ^We denote by this term those deposits which are effected 
in certain liquids in the presence of two metals, one of which substitutes itself for the metal 
in solution, whilst the other receives the deposit of the metal which was primitively in solution. 

There is really a galvanic action resulting from the contact dt two metals in a liquid which 
exerts a chemical action upon them, but in the majority of cases a special phenomenon seems to be 
produced of a nature more particularly chemical, for the ^veights of the metal dissolved and of the 
metal deposited are not in equivalent atomic proportions. 

Nearly all baths by simple immersion act more rapidly when a piece of zinc is plunged into it 
simultaneously with the obpeot to be plated and in contact with this latter. On the other hand, 
nearly all galvanic baths give a metallic deposit in the same conditions, only this deposit is slow. 
Two processes only — Boseleur's method of tinning, and Weill's method of coppering— offer real 
advantages and are thoroughly practical. 

WeiWs Method of Coppering. — This process enables us to obtain, without heating, an adhesive 
deposit of oopper upon iron and steel by immersing it in an alkalino-organic bath in contact with 
zinc. The bath is composed of a salt of oopper, held in solution in caustic soda, bv the pre- 
sence of an organic matter, such as tartaric acid, double tartrate of soda and potash, glycerine or 
albumen. 

Experience has shown that the following proportions give the best results ;— 

Sulphate of oopper 850 

Seignette's salt 1500 

CSaustiosoda 800 

which correspond to two equivalents of tartaric acid for one equivalent of salt of copper. 

By dipping successively the baser metals into this solution, we obtain various results, which 
may be summed up in the three following observations ; — 

1. The metals whose oxides are insoluble in caustic soda are piated only by means of the 
contact with zinc. 

2. The metals whose oxides are soluble in the fixed alkali, and which form only one salifiable 
oxide, are covered with a very thin coating, which does not increase with the time of immersion. 

8. The metals which may form several salifiable oxides, soluble in the fixed alkali, do not 
become plated in the solution, and they decompose it in contact with zinc, giving a precipitate of 
protoxide of copper. 

The practical conclusion trom these observations is that the really important application of 
the bath in question consists in depositing, by contact with zinc upon iron and steel, an adhesive 
coating of copper, of good quality and varying in thickness according to the time of immersion. 
The tiiickness of this coating may, in case of need, be increased in the galvanic bath, for the 
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metal la rafDcieot]; pioteeted ngaisat the aotioi] of tho snlpbnrio Boid by this flist coating of 

TbA cleansing of lK>n 1b aooomplUbed in Ibe Bame way foi this bath u for otbers ; 11 ie vorth; 
of remark, howeverj that the cleousiiig is completed in the bath itaelf, for the oxide of iron ia 
goluble in the alkalino-oTgvtio eolation. 

The time of inunenion varies, S to 72 hours. The bath la kept up almply with snlpbate of 
copper and, from time to time, with oauatlo soda. The Belgnatta's salt U not docompoeed, and 
remalne in the bath almost Indefinitely. 

A varying the t«spectiTe proportlona of salt of copper and of double tartrate cf soda and 
BO aa to have only one gramme of tartaric acid to one granuns of salt of copper, we obtain, 
no longer a good plating, but a eeries of very onrloua and permanent colorations whicb are pro- 
duced always in the same order, namely, orange, white, light yellow, deep yellow, orimaon, green. 
If the immeraion is continued after the green has beeo produced, the melal aaaomes a brownish 
appeaiance, not pleaaing to tho eye. These various colourings may be utilized in the decoration 
u ceot-iron objects now exteoMvely oaed In architectural ornamentation, aa tboj teslet sufflclently 
atmoapherio ^enta. 

The alkalino-o^anic bath disBolves Taiiooa metalllo oxides, and givea deposits of metals 
other than copper. The action of baths oomponnded with varioua oxides is aununed op Id the follow- 
ing lines taken &om the Aimalea de Physique et de Chimie ;—" The mctala of the metallic oxide* 
of the formula m* O*, which are at the same time susceptible of fonning a salifiable protoxide, are 
capable of being precipitated upon oopper from their alkalino^rganio solution in contact with 
liuo and under the Inmienoe of heat a ^enomeoon wblch la then accompanied by a liberation of 
hydrogen ; the analogous metals which form only one salifiable soequloilde, such as alumina and 
oxide of chrome, are not. Capper is directly reaooed from its alkalino-organio aolutions by iron, 
steel, and so oii, under the form of an adbeeive coating. In contact with zino and at Ibe ordinary 
temperature. Under tbe infiuenoe of heat these metals receive, on the contrary, only varioua 
colorationa which will not reslat the action of the brush." 

Oalvanlo action undoubtedly plays an Important part lu oopper-platrng ; but it seems cle*r 
that it is also due in part to a more specially chemical action, for dno itseu becomes plated with 
ooi^i', and the decomposing action Is continued none tbe less. Again, a very small quantity of 
Kino and a few points of contact are sufflcient to enable tbe deposit to be enected in good con- 
dition. And tbe quantity of nnc dissolved Is fat from being proportional to that of the eoifMi 



Tintifitg by DovUt Affinity. — IIokUut and Bimcha'i Pneett. — This prooesi, which was patented 
Jew yean a^ by tbe inventors, gives remarkably good results, and is now widely employed. It 
nsed especially in tbe manufacture of kiloben uteusiU, hooks and eyes, pin^ and '"' "" * 



is used especially m tbe manufacture of kitchen uteusiU, hooks and eyes, pins, and so on, A 
medal, 80 centinKtres in diameter, repreeeutiog the Emperor Napoleon HI., and tinned by this 
process^ was exhibited in the Paris Exhibition of 1667, and such was the perfection of thia tin- 

C'ing that many visitors took it for silver. An ide« of tbe effloaoy of this deposit in protectinK 
may be gathered from the fact that several articles, tinned by this pTooeaa, which had gained 
a Prize Medal in London in 1S6S, were again exhibited in Paris in 1867 without having been 
touched in the meantime. 

We will give a deeoriptlon of the process In the words of the inventor; — " The bath may vary 
greatly in its composition ; but the following two formnlie attain the object rapidly and surely. 
We much prefer the second, however, which offers the single objection of beiiig oased cm the 
empli^ment of a salt that all manufaoturera do not 



employ lueni 

always obtain from a vary r^ular oompoaltit 
" Firat formula ; — 

Distilled water .. 
Cream of tartar .. 
Frotooblorlde of tin 

The whole being dissolved gives a colourless BOlutton, 
but with a strc^ly acid reaetloD, which constitntee 
thebsth. 

"Second formula; — 

Distilled water .. .. 800 Uti«e. 

Pyrophosphate of potash 6 kilogrammeB. 

Add protochlorlde of tin 600 grammeo. 

The sama, dissolved .. 2-400 kilogrammea. 

The whole la dissolved at the same time upon a metal 
neve, and an<^ being shaken there remains a dear 
liquid, which is the bath. 

" One of these sotntioDS is placed In a cask staved 
In at Ibe top, and of enffldent capacity. This oask. 
Fig. 2617, receives In the lateral part of its base, but 
■t different heights, tbe two pipes of a small metal 
boiler fixed over a fnmaoe beneath tho bottom of the 



vat ; the pipe A which is on a level with tbe bottom 
of the ca^ reaches, at its other ond, neatly to the bottom of the bolter ; the pipe B, on tbe contrary, 
the one which ent^ the vat higher up, at 6 or S centimfitree from the bottom, comes from the top 
of the boiler. This boiler has a third [dpe in 8 which servea to protaot the workmen from an 
ezploaioa, in case there were an obatmotioa In tbe pipes oommnntcatlng with the cask and the 
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boiler. It will be seen that the things being thus arranged, and the liquid filling both the vat and 
the boiler, if we heat the latter, the liquid which it containa being expanded by the heat, will 
become lighter and will ascend to the top of the vat by the pipe which enters highest into it, but 
at the same time the yacuum will be filled with an equal quantity of cold, and oonseauently heavier 
liquid, which will enter from the vat into the boiler by the pipe which is insertea at the bottom 
of the latter. By this means a continual circulating motion is kept up which will ocmstantly 
bring the coldest portions into the boiler, while the hottest are driven out by virtue of their less 
density. This method is not designed merely to heat the liquid, but to keep the bath in a state 
of continual agitation, and to renew aa they become exhausted the portions of the liquid which 
touch the articles to be tinned. 

^* When it is required to tin large articles, such as cxilinarv utensils, for example, they may, 
after being cleansed and rinsed, be thrown careless into the bam with some fragments of zinc, or, 
better still, with some spirals of this metal ; these latter injure less by their contact the articles 
to be tinned. When, on the contrary, the articles are very small, such as pins, hooks, tacks, and 
so on, they are arranged in beds of 2 or 3 centimetres thick upon pieces of zinc pierced with small 
holes to allow the passage of the liquid, and provided with a rim to prevent the articles from 
rolling off. These pieces are let down into the bath by means of num1)ered chains, in order that 
they may be pull^ out in the opposite direction. These pieces of zino must be deaned 
occasionally. 

** The tune of the operation may vary from one hour to three, after which the whole is taken 
out to introduce into the bath 250 grammes of pyrophosphate, and the same quantity of dissolved 
protochloride of tin. While these salts are being dissolved, the larger articles are brushed, and 
the smaller moved by means of an iron fork to change the points of contact ; the whole is again 
placed in the bath for at least two hours. These two successive immersions and this minimum 
time are necessary to give a good tinning. It only remains now to brush the larger objects again, 
if they are required to be bright, and to sifl the smaller ones, and to dry the whole in very hot 
and dry pine saw-dust 

*^ If it be observed that the deposit of tin, though abundant, is grey and dull, the bath must be 
charged once or twice with acid protochloride of tin ; if, on the contrary, the deposit is very white, 
but puffy and of no adhesion or thickness, the acid salt must be suppreesea and replaced by 
drawing off. In this case also, the quantity of salt of tin may be diminished, and that of the 
pyrophosphate increased. 

** When a bath has been used for a long time, it must be drawn off to separate from it the 
pyrophosphate of zinc which has been formed. When after some years it is quite worn, out in 
consequence of an alteration of the salts, it may be put aside to keep articles in which have been 
cleaned." 

Galvanic Deposits in Thin Coatings, — We come now to that part of the art of coating the baser 
metals which, whether we consider the wonderful variety of its productions, or the inunenae 
quantity of articles it furnishes to commerce, is by far the most important. Gold and silver 
plating are the most usual of these metallic deposits ; and it will be found interesting to examine 
the successive transformations which have led this art to the degree of perfection in which it now 
is, and beyond which it seems impossible to go. 

Hardly had Yolta invented the admirable instrument which has rendered him famous, when 
it was attempted to apply the battery to the decomposition of metallic solutions. Volta himself, 
Nicholson, and Cruikshank had applied the battery to the precipitation of metals, but without 
thinking of obtaining them in the special state which constitutes the qualities of a ^ood metallic 
deposit. The deposits which they obtained were pulverulent, lamellate or crystallized, but not 
continuous or adhesive layers. 

Brugnatelli, a pupil of Volta's, afterwards his oollea^e in the University of Pavia, was the 
first to obtain, in 1802, a deposit of gold and silver offermg the aspect of a r^^ular and uniform 
layer, such as is required for gold and silver plating. Brugnatelli even succeeded in depositing 
platina ; but this metal was reduced to the state of a very fiae powder, which required friction to 
give it brightness and adhesion. 

The solutions employed by Brugnatelli were alkaline ; they consisted of ammoniarets of gold, 
silver, or platina, that is, the product obtained by treating the chlorides of gold and platina, or the 
azotate of silver, by ammonia. There is much obscurity in the descriptions of Brugnatelli, but 
according to the Journal de Physique et Chimie of Van Mens, his method was as follows ; — 

** The most expeditious method of reducing, by means of the battery, dissolved metallic oxides, 
is to make use of their ammoniarets : by placing the ends of two conducting wires of platina into 
ammoniaret of mercury, the wire of the negative pole speedily becomes covered with anudl particles 
of this metal." 

^ I have recently gilded," says the same Qhenust in another ioumal, " in a most perfect manner, 
two large sUver medalf^ by putting them in communication oy means of a steel wire with the 
negative pole of a voltaic battery, holding them one after the other in ammoniarets of gold recently 
prepared.'* . . . 

AQi. Banral, Chevalier, and Henri, tried to reproduce Bmgnatelli's operation by following his 
descriptions, but with very imperfect results, the nature of the dissolvent employed oy the learned 
Italian not being known. But as there is nothing to lead us to suppose that Brugnatelli wished 
to envelop the subject in mystery, we are inducra to suppose that tnis dissolvent was the liquid 
itself in which the ammoniaret was precipitated. And, m fact, if we take a solution of gold in 
aqua regalis, and if, without evaporating it to get rid of the excess of acid, we pour into it an excess 
of ammonia, we obtain the precipitate of ammoniaret of gold ; but this precipitate redissolves itself 
in part, especially by the action of heat, in the ammoniaoal salts which have been formed. It is, 
therefore, probable that BrugnatelU's solution was a double chloride of gold and ammonium, and 
not ammoniaret of gold. 
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The problem va8 perhape already solved from a scientifie point of view ; bnt it was far from 
being solved practicallv, ana many years passed without any serious application being made of it. 
At length, in 1825, M. de la Bive, of Geneva, resumed the experiments of bmgnatelli, and attempted 
to decompose chloride of gold by means of the battery. Mis efforts were unsuccessful, except in 
the case of platina^ the only metol that is not sensibly acted upon by the chlorine set free by the 
decomposition of the chloride of gold. It was not till 1940, that is, after the labours of M. Becqueiel 
in the matter of applying electro-chemical decompositions to the treatment of ore, that M. de la 
Rive realized the idea of employing the simple apparatus for the application of gold upon the other 
metals. The following is his process; — 

A very weak solution of gold is placed in a cylinder of gold-beater*s skin, which cylinder is 
placed in a vase full of water acidulated by a few <&ops of sulphuric add. In the outer vase is put 
a piece of zinc which communicates by a metallic wire with the object to be sfilded, the object 
being placed in the cylinder of gold-beater's skin. The solution of gold ^ould be as neutral as 
possible, and a very weak current must be employed. Not¥rith8tanding these precautions, the 
gilding is far from perfect, and the process is open to several objections, the chief ra which are the 
uight adhesion of the gold, and the great loss of metal occasioned by the contact of the solution 
with the skin, and the endosmose which is gradually effected through the membrane causing the 
gold to be precipitated upon the zinc. 

It became neoessarv, therefore, to discover a better method if galvanic gilding was to be made 
a useful art. Eisner showed that the defective adhesion was owing to the acidity of the auriferous 
liquid, and Boettger, profiting by these observations, succeeded in gilding in a double chloride of 
gold and potassium. 

But the complete solution of the problem and the first really practical application of electro- 
plating are due to Messrs. Elkington, of Birmingham. In September, 1840, Henry Elkington took 
out a patent for -gilding copper by means of a solution of oxiae of gold in prussiate of potash. At 
first he employed the simpie apparatus in the production of the galvanic current. His apparatus 
differed from that of De fa Bive's in having a vase of porous earth instead of gold-beaters skin. 
At the same time Richard Elkington patented a method of applying silver by means of the gal- 
vanic current and a solution of chloride of silver, in prussiate oi potash. 

From this time electro-chemical gold and silver plating may be considered to have been dis- 
covered. M. de Ruolz followed with the compound apparatus and a large number of solutions, the 
chief of which are ; — 

Cyanide of gold dissolved in simple cyanide of potassium. 
Cyanide of gold in yellow prussiate. 
Cvanide of gold in red prussiate. 
Chloride of gold in the same cyanides. 
Sulphuret of gold in sulphuret of potassium. 

xJ^ ^® ^"^^ attempted also to deposit other metals, and succeeded in depositing brass by the 
eleotnc process. 

If^ therefore, the merit of having discovered electro-plating has been wrongly ascribed to M. de 
Ruolz, since he had been preceded by several months by the Messrs. Elkington, we should be doing 
him an injustice if we withheld from him the merit of having endeavoured to improve and gene- 
ralize the processes of the English manufacturers. 

MM. Boseleur and Lanauz succeeded in obtaining platina in adhesive coatings of any thickness, 
and M. Roseleur, bv applying phosphates and sulphites to the dissolution of various metallic oxides, 
rendered thoroughly practical most of the operations of electro-metallurgy. 

Many other chemists aided in bringing this beautiful science to the present degree of perfec- 
tion ; but we have said enough to give an idea of how it grew into existence. We will now consider 
the processes actually in use, prefixing, however, a few words on the galvanic batteries most gene- 
rally employed. 

Batteries.— Ahnoei every day we hear of some inventor extolling the merits of a new pile endowed 
with every imaginable quality. Unfortunately, on testing this wonderful invention, we find in 
well-nigh every case that no progress whatever has been made, and this negative res^t is not sur- 
prising, for most of these pretended inventors are ignorant of the very rudiments of physics and 
chemistr]^. Though there is at the present time a large number of batteries of various systems, 
three only, Bunsen's, Smee's modified, and Daniell*s, are generally employed in electro-plating. 

Bunsen's pile is employed whenever a strong current is required. This pile is by fieur the most 
frequently used, notwithstanding the objections to which it is open, and whidi are, chiefly, the cost 
of keeping it in working order, tiie employment of nitric ada which emits disagreeable nitrous 
vapours, and the shortness of its duration. It is hardly necessary to describe this battery, which is 
well known. It will be seen that it is composed of an outer vessel of stone or porcelain, a zino 
cylinder, a porous cylinder or cell, and a cyhnder of carbon. Ordinary nitric add is placea in the 
porous cell, and in the outer cell or containing vessel, water acidulated with two or three hun- 
dredths of sulphuric add, and containing a stdt of mercury (1 or 2 per cent.) for the purpose of 
amalgamating the zinc. 

The elements of the battery are connected by establishing a communication between the carbon 
of the first element or cell and the zinc of the second, and so on with the whole. A zinc remains 
free at one end and a carbon at the opposite end ; the articles to be plated are put in communica- 
tion with the zinc (the negative pole) and the add with the carbon, (the positive pole). 

Smee's battery modified is employed chiefly in electrotyping ; it is less powerful than Bunsen's, 
but more convenient and less expensive. l!t consists, as will be seen by merely inspecting, of a 
gutta-percha trough, having on the inside three vertical grooves. In one of these grooves retort 
carbon is placed : the other two contain zinc. To put this battery in action, the vessel is filled 
with water saturated with sea salt, or addulated with a twentieth of sulphuric add. Sometimes, 

4 T 2 
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eepeoially in largo apparatusoa, the catban la omitted in favoni of ailvsred and platuuiiod plates of 

Daniell's battery, which, by meonB of a happy modiflcation, will giva a oonrtant onrrent for 
several mootliB without requiring any care. To pat thia battery in action, the porom and the 
glass vcaHele are flllod with water, sod the outer vessel with aoidolated water. This battery is 
eapecially suited for gilding very Hmall objects, such as waloh-works, foi example, and for all 
opemtiona which require only a weak current. 

Finally, ho bavo to call attention to a recent invention due to H. L^otanoh^ and whieh ii verjr 
Rati efaclory both as regards the duration and the regularity of the onrrent. It oonsistaof aooater 
glass vessel contaiolng sand, rblorhydiate of ammonia, and a very nnall xiaa cylinder; and a 
poroiu vosspI containing bioxide of taangaiieee agglomerated by a gummy solution, lit which {■ 
placed a oopper rod. 

Qnlcanic Gilding. — Oalvanic gilding is aooomplishsd both with and without heat : with beat for 
articles of email dimcnstonB, sud^ as jewellery aod tablo servioce ; without heat for larger objects, 
Bach as clocks and chandeliers. 

It was long believed that gilding effoctod with heat was leas reeistiug than that obtained with- 
out beat. The truth is, on the contrary, that with an equal quantity of gold the former is much 
more solid than the latter. The fsot of the former method being employed for small articles of 
little value, iu which case small quantities of gold are used, caosed the error to obtain credence. 
The foUowiug two formube are those ofteoest employed in gilding without heat ; — 

Distilled water 8 litres. 

Pure cyanide of potaaaiom SOgromDHS. 

Virgin gold (as a chloride) 10 „ 

This bath ia nrepared by dissolving soparateljr the ohloride of gold very neutral and the oyanide 
of potaaaiam, and then ponrlng the former solution into the latt^. This bath, especially when it 
has been recently prepuod, is a rather bod oonduotor : and the second formola, wnioh gives more 
regular results, is to be preferred ; — . 

Distilled water 3 litres. 

Fnre cyanide of potassium 25 grammee. 

Carbonate of potash 100 „ 

Ammoniaret of gold from 10 „ of gold. 

The aminonlaret of gold is prejiared by pouring an oxceaa of pnie ammonia into a solation of 
ohloride of gold. The precipitate is collected npon a filter, washed, and without drying, for this 
oompound is explosive ; tho niter is cast into the sola- 

tiou of cyanide of potassium previously prepared; thia ^'^' 

is boiled an hour and Altered to take away the paper 
of tho first filter. A sufficient quantity of water to 
toake 10 litres is then added, and as soon as the bath 
is cold it may be used. 

Gold baths are usaelly plaoed in wooden troiu:ha, 
lined with gntta-percha, and of the shape of tnoaa 
shown in Fig. 2S19. The positive pole is put fnoon- 
tact with a plate of gold or platina, while the nega- 
tive polo is in communication with a copper stiuid 
supporting the articles to be gilded. 

It sometimes happens that objects gilded in the 
cold bath have an unsatisfactory colour; tliis may be 
remedied by dipping the object into a solution of nitrate 
of morcnry and subjecting it to the action of heat, or 
by rubbing over with boiled borax, then beating it, and 
finally washine it in water acidulated with sulphuria 
acid. To avoid all chances of failure, recourse should 
be had to hot baths whenever practicable. 

The following two formulm give excellent results; 
the second, however, is to be preferred ou acconnt of 
the regularity of its results, and also because it allows 
a very tbin coating to be deposited, if mch be dealred, 
of a very beautiful appeonmoe. 
First formula 

Distilled vret«r lOOlitres. 

Gold, as a ohloride ISOgrammes. 

Fnre cyanide of potaadnm 300 „ 

Carbonate of potash 150 „ 

Second formula; — 

Distilled water 10 litres. 

Fhon>hateDf soda SOOgramuea. 

Bisulphite of soda ISO „ 

Pure cyanide of potassium 10 „ 

Gold (as a chloride of gold) 10 „ 

These baths are employed nearly boiling and with anode of platina. They are kept up by 
adding from time to time a solution oomposedof 20 grammes of cyanide of potasaimn to 10 grammes 
of gold transformed into ammoniaret, the whole dissolved in a litre ^ wat«r. 
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' Copper and iU alloTS, meh, ae bronzo and braSB, ma; bo gilded in these batlu. Thej serre 
equally well for diver and platioa ; but for iron and steel the bath ehould be oompoeed aa foUows i— 

Distilled water 10 litres. I Phon>hate of soda .. .. 1200 grammea. 

Gold (aa a chloride of gold) 20 grammea. Biaolphite of w>da „ .. 1200 „ 
Cyanide of potaedam .. .. 10 „ ' 

It is bettor to ooppei the objecta before placing them in the bath. Tin, lead, and nne, ahonid 
alao be coppered, alkaline batlu being employed for that porpoae. Alumminm, on the contrary, 
requirea an aoid bath of anlphate of copper. It ia obvioua that however perfect the method of gild- 
ing whiob we have been deacribtng may be, it reqoirea, in certain caaea, preonntiona or particular 
arrangemeuta for gilding certain objecta. 

In thia way the arrsngement repieeenled in Fig. 2619 ia employed in the manofactnro of flne 
aUver wire or gilded copper wire, ThiB wireia naed in tha mannfiicture of laoe, and conatttnteB an 



Important branch of indnetry, carried on chiefly at Lyona. The operation will be nnderrtood trtm 
tbe following desoription of Fig. 26*9 ;— A, the fonuice ; B, eoameUed caat-iron boiler : 0, apiodle 
BQpporting ue bobbins ; D, oopper rod egtabliabicg communication between the wirea and tha 
Q^ative pole ; E, iv(»7 or ponekm rollers; Q, platina wirea aervingaaanodea; H, falae bobbina ; 
I, rata containing one a aolation of cyanide, the other water for rinaing the wire ; K, rollen covered 
with old calico to wipe tbe wire ; L, heated tnbe in whioh the wire ia dried ; M, bobbins set In 
motion by the orank N, and designed to receive the gilded wire. 

After being gilded, tbe wire la poaaed thiongh the dnw-plate or throagh the telling mill, 
according aa it ia required to be ronnd or flat. 

The gilding of wRtch-worka alao needa special preparationa. For the details of this operation, 
which is carried on chiefly in Switzerland and in ue Jnia, we refer our readers to the ozcellont 
work of H. Roeelenr, entitled Hunipulationa Uydroplaitjqnee. We will merely rrauark that the pre- 
paration consists of a sJlvei-platiiii; called grainage, whiob gives the objecfa a slightly doll, bat 
verypleasing appearance. 

Tbia silvering is accomplished bj applying to tbe objects, with a hard bmab, tbe following 
mixtnre;— 

Silver powder SOgranuiiee. 

Sea salt 400 „ 

Cream of tartixr 120 „ 

This fbunnla ia one of those emplf^ by M. Pinaire, of'Bewn^in. Tbe ardelea are aflenrnda 

glded in the ordinary batb. At Parb this kind of gilding ia exeooted with great perfection bj 
. BrosBond. 

In bringing to an end our remarks on eleotro-plating, we have io mention a procosa of gliding 
whioh partakes at once of the methods of plating by morcary and by the battery, lliis proeos^ 
which obtained a first prize in tho Paria Exhibition of 1867, ia doe to M. Dufreane. 

Gilding by means of mercury i^ aa ia welt known, injurious to tho health of the workmen, 
because they are continually exposed to the action of tbe mercurial vapours. Indeed, to obtain an 
equal thiokiiesa and a uniform appearance, the workman is obliged to turn the object about over the 
fire to drive off the ukcroury by volatilizntion, and to strike it in all dirEctiona with Uio brush. Tho 
oonseijaonce of this ia that, in spite of the improved draught introduced by H. Doroet, large 
quantities of mercurial vapours are absorbed by the men. 

Again, in oertain cases it ia found that the electro-plating is net anfBcicntly thick and solid, and 
recourse must be had to mercury. In these csaes M, Dufrcsne's ptooCBS ia serviceable ; it may bo 
described as foUowa; — A nenbal bath of mercury is prepared by racons of nitrate of mercury 
neutralized by carbonate of soda, and containing cyanide of polsaaiuni, and in this bath the objects 
are subjected to tho action of the galvanic battery. They arc soon covered with a Uiick coating of 
■ncronry. A thick coating of gold bnving been dcpogitcil on them bj the uaual means, they are 
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again placed in the eolation of mercury. The meroory is then evaporated by the action of heat, 
without the assistance of the brush as in the ordinary case of gilding by mercury. 

HiiB process offers some advantages from a hygienic point of view, uiough it becomes necessary 
to proceed in the usual manner to equalize the gilding when a thick plating is required. But it is 
astomshing that this discovery should have obtained a first prize on account of its novelty. If the 
jury had consisted of Frenchmen only, the fact would have been less surprising, for excess of 

Eatriotism often leads them to doubt concerning progress which has not been made in France, and 
eeps them ignorant of what other peoples are doing, but that an intemati<mal jurv should have 
awarded the highest poesible reward, in 1867, to a discovery described at length in tne Annales de 
Ghimie, of 8t. Petersburg, as long ago as 1851, is really astounding. The whole of the interior of St. 
Saviour's Cathedral at Moscow was gilded in X851, under the direction of the Duke de Leuchtem- 
berg, who at that time presided over the Galvanic Institute of St. Petersburg. We have to add, 
however, that M. Dufresne has renounced an exclusive right to his process. 

Electrotyping has been gradually encroaching upon the process of stereotyping, and has almost 
superseded that process in America. The plan adopted is similar to that of copying woodcuts, 
namely, to lay a sheet of softened gutta-percha upon the surface of the page of tyx)e, and subject it 
to increasing pressure until it is cold ; tne gutta-percha copy is then removed, and treated as in 
copving wood engravings. It would be advisable to try a somewhat softer material for this purpose, 
such as the mixture of gutta-percha and marine glue. This material takes a sharper and smoother 
impression than gutta-percha alone, and the deposit spreads over it more rapidly ; and, being softer, 
it would enter more freely and with less pressure between the fine lines of the letters, and still not 
be sufficiently soft to enter the minute crevices between the body of the types. If a solution of 
grape-sugar (as used in Drayton's patent process for silvering glass), aldehyde, or other reducing 
agent, was substituted for the phosphorus solution, for reducing the silver upon the surface of the 
mould, it would be an advantage, as, besides the dangerous character of the phosphorus, it has an 
offensive odour, and the copper deposited upon surfaces prepared by it, moreover, is invariably brittle. 

The mould may also be prepared for a deposit by blackleading ; it will require a first-rate quality 
of blacklead, and prolonged and attentive brushing, but will then afford a good result. The air- 
bubbles may be removed when the mould is in the liquid, by directing a powerful upward current 
of the liquid against them by means of a vulcanized india-rubber bladder, with a long and carved 
glass tube with a fine orifice attached to it ; but the liquid should be free from sediment. 

The advantages of electrotyping over stereotyping are numerous ; the metal is harder, takes a 
sharper impression of the moulo, and delivers the ink much more readily than type metal, besides 
being a cleaner process; it also takes up less ink, and consequently the printed pages dry more 
quickly. Both woodcuts and letter-press have also been copied in plaster of Paris, and the deposit 
of copper formed upon that ; but this material is much inferior to guttarpercha for the process. 

Iron and steel wire may be coated with an adhesive dieposit of copper, by first immersing them, 
with their surfaces perfectly dean, in the cyanide coppering liquid, and completing the deposit in 
the ordinary sulphate solution. The coils snould be kept separate from each other in the liquid by 
suspending them upon a horizontal brass rod, turning it occasionally to cause a uniform deposit. 
Iron screws and nails may be treated in a similar manner, except that they should be contained in 
a wicker basket, which is shook about occasionally to produce a uniform deposit 

Copying Daguerreotype Pictures, — An interesting application of the deposition of copper, and one 
of the easiest to be effected, \b that of copying daguerreotype pictures. First solder a wire to the 
back of the plate near the edge ; varnish the back and edges, and allow it to dry ; hang it in a clean 
sulphate of copper solution, which is perfectly f^e £nom dust or grease on its surface ; and in the 
course of twenty or thirty hours the deposit will be sufficiently thick to be removed. 

The invention of E. A. Jacqnin has for its object the preparing of printing surfaces, so as to give 
them the property of yielding a greater number of impressions than they are capable of yieldiDg 
in their ordinary ptate. And the invention consLsts in covering the printing surfaces, whether 
intaglio or relief, and whether of copper or other soft metal, with a very thin and uniform coating 
of steel by means of electro-metallurgical processes. This invention is applicable whether the 
device to be printed from be produced by engraving by hand, or by machinery, or by chemical means, 
and whether the surface printed from be the original or an electrotype surface produced therefrom. 

In carrying out the invention the solutions of iron employed mav be varied, and such is the case 
in respect to the arrangement of galvanic battery or other source of electric currents used. 

It is important that a ferric solution should be employ^ which will not dissolve or corrode the 
plate intended to be coated, for if it be attempted to use such a solution, though the iron will be 

{)recipitated, it will not only be in a non-coherent state, but the engraved surface itself will be 
iable to be attacked and injured. It may also be remarked that the coating of iron admits of being 
removed from a printing surface of copper without injury to the original plate, hence the original 
plate may, after being coated and used for some time, have the worn coating removed, and then be re- 
covered with an iron coating as often as may be required ; and if care is taken to remove the coating 
of iron before it has been entirely worn away, the engraved copper or other plate may be made to 
print a vast number of impressions and yet remain in the original state it was in when it left the 
hands of the engraver, or was otherwise first produced ; the only limit appears to be in the gradual 
^i, U.--1. x^i 1... ._ X,. . t^ , -.V ... - ^ ^jjg compression to which it issub- 

B engraved in integlio, if of steel 
^touching ; if of copper they each 
yield on an average not more^than 800 without retouching ; whilst electro-casts of copper obtained 
from the originals will not on an average each yield even 200 impressions without retouQhlng ; in 
fact, such printing surfaces are so easily worn, that after the first hundred or 150 impressions there 
is a considerable deterioration in the quality of the work produced. Therefore, for the supply of 
the number of impressions often required by art associations and others, it has been found necessary 
to multiply the electroKuusts very oonsideraDly. In such cases the invention is applicable with con- 
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Biderable advantage, for Bradbury, Wilkmson, and Ck>., who have snooeflsfnlly applied the prooesa^ 
find that an electro-plate 40 x 22 in. covered or coated with iron has yielded 2000 impressions with- 
out its being necessary to remove and renew the iron coating, there being no perceptible difference 
between the first and last impression, \he work on the plate appearing not to have suffered in the 
slightest degree. Hence in future, by the application of the invention, it will only be necessary to 
multiply electro-casts to such an extent as may be necessary to ensure the production of prints or 
impressions with the requisite speed on paper, calico, or other fabrics. At the same time an original 
engraving on copper would become, when treated according to the invention, more lasting than if 
engraved on steel. Although original surfaces engraved in relief, and also electro and other casts 
taken from them, yield a considerably greater number of impressions than those obtained from 
plates engraved in intaglio, to which the invention has not been applied, nevertheless the inven- 
tion is applicable with neat advantage to such relief printing surfaces, whether of copper or other 
Bofi metal, for if they be coated with iron according to the invention they will yield almost an 
indefinite number of impressions, provided the iron surface be renewed as often as may be necessary, 
and the printing surfaces be again re-coated. 

In carrying out the invention the use of that modification of Grove's battery known as Bunsen's 
is preferable, because it is desirable to have what is called an intensity arrangement. The trough 
used for containing the solution of iron in which the engraved printing surface is to be immersed 
in order to be coated, is lined with gutta-percha, and it is 45 in. long, 22 in. wide, and 32 in. deep. 
Id. proceeding to prepare for work, the trough, whether of the size above-mentioned or otherwise, is 
filled with water in combination with hydrochlorate of ammonia (sal-ammoniac) in the proportion 
of 1000 lbs. by weight of water to 100 lbs. of hvdrochlorate of ammonia. A plate of sheet iron nearly 
as long and as deep as the trough is attached to the positive pole of the Datterv and immersed in 
the solution. Another plate of sheet iron about half tne size of the other is attached to the negative 
pole of the battery and immersed in the solution, and when the solution has arrived at the proper 
condition, which will require several days, the plate of iron attached to the negative pole is removed, 
and the printing surface to be coated is attached to such pole, and then immersed in the bath till 
the required coating of iron is obtained thereto. If, on immersing the copper plate in the solution, 
it be not immediately coated with a bright coating of iron all over, the batn is not in a proper 
condition, and the copper plate is to be removed and the iron plate attached and returned into the 
solution. The time occupied in obtaining a proper coating of iron to a printing surface varies from 
a variety of causes, but a workman after some experience and by careful attention will readily know 
when to remove the plate from the solution ; ana it is desirable to state that a copper plate should 
not be allowed to remain in the bath and attached to the negative pole of the i>atttiry after the 
bright coating of iron begins to show a blackish appearance at the edges. Immediately on taking 
a copper plate from the bath great care is to be observed in washing off the solution from all parts, 
and this may be most conveniently done by causing jets of water forcibly to strike against all parts 
of the surface. The plate is then dried and washed with spirits of turpentine, when it is ready for 
being printed from in the ordinary manner. The Bunsen's oattery with the trough above described 
is as follows ; — 

Twenty dements in series of five ; each element is composed of an 

Earthen jar, 9 in., and 51 in. diameter. 

Zinc ., 8 in., 4 in. diameter, and \ in. thick. 

Porous cell, 8^ in., and 2f in. diameter. 

Carbon „ 9{ in. by 2 in. in width, and 1 in. in thickness. 

It should be observed that the battery will require attention when in use, as its action will 
diminish ; the acids must therefore be removed g^radnally by adding fresh materials every two or 
three days. In order to remove the coating of iron from a printing surface after the iron coating 
has beoome worn, a solution which will act on the iron witnout attacking the printing surface is 
employed. In removing iron from copper, nitric acid is used diluted with eight parts of water, 
ana care is to be taken to wash off the solution as soon as the iron is dissolved. 

Works on Electro-Metallurgy : — A. Smee, *' Elements of Electro-Metallurgy,' 8vo, 1851. 0. Walker, 
' Electrotype Manipulation,' 18mo, 1851. J. Napier, * A Manual of Electro-Metallurgy,* crown 8vo, 
18(>0. M. Diroks. ^Contributions towards a History of Electro-Metallurgy,' crown 8vo, 1863. 
E. Laoroix, 'Etudes sur I'Exposition de 1867,' 4 vols., royal 8vo, 1867-68. A. Watt, 'Electro- 
Metallurgy Practically Considered,' 12mo, 1869. G. Gore, 'The Theory and Practice of Electro- 
Deposition,' crown 8vo. M. de Y^icourt, 'Manuel du Galvanoplastie,' 2 vols., 18mo. 

ELECTBOMETEB. Fb., jSlectromHre; Geb., Electncitatsme$8er ; Ital., Ekttrometro ; 8pan., 
jEtlectriftnetro, 

See Tkleobafht. 

ELECTROTYPE. Fb., Electrotype; Gkb., Electriecher Abxug; Itau, Stereotipia gcUvanopkU' 
Uba; Span., Qalvanoplastria, 

See Elxotbo-Mbtallxtbgt. 

ELEVATOR. Fb., E^l^vatew; Gkb., Aufxug; Ital., Elevatore; Span., Elecador. 

See LiFTB : Hoibtb ; and Elbvatobs. 

EMBANKMENT. Fb., Zev^e de terre; Bemblai; GsB., Erddamm; Ital., Argine ; 
Terraplen, 

Railroad Cvttinge and Embankmenia, — To find the contents of railway cuttings and embankments 
with accuracy is one of the most important problems in railroad engineering practice. 

The first object to be acquired in preparing the dimensions of the different cross-sections is to 
reduce the irregular sections to a level, so that the level section may have the same area as the 
irr^ular one. 

To draw a line FR, Fig. 2650, so that the area of any cross-section IGa6c(fFH may be equal 
to the are» of the figure H F R I requires but little engineering or geometrical skill ; a thread 
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applied across the 1x)tmdA]7, vhen the inequalities are not great, wiU, in most cases, be snfficient 
to determine F B. When the variations are great, the paraJld ruler will determine F B, in a few 
seconds, with mathematical aconracy. 

Thus draw as parallel to 6G, and then draw ab; then the triangle bsQ = baQ; through b 

3650. 



2651. 




8652. 




draw a line parallel to c s, join te^Bain the 
last case, and continue the prooesSi until 
the line F R is determined. 

The cross-section is easily reduced to the 
formFBOF, Fig. 2651: but to draw I H so 
that it may be parallel to E F^ and that the 
area IHFE = FBC£, has employed the 
ingenuity of engineers without much accurate 
practical success, although the object may 
be thus easily obtained by construction. 

On A B describe a semicircle; draw OD 
parallel to E F, and D G perpendicular to 
A B : with A G aescribe the arc G H, through 
H draw HI parallel to G D ; then the area of IHEF = area of BO EF, and Am is the height of 
the equivalent level cutting required. The same construction will suit for embankments. When 
this construction is performed accurately, then I B is piurallel to H. Hence the truth of the con- 
struction may be tested by taking a parallel ruler and finding whether the lines I B and O H are 
parallel or not ; if these lines be not parallel, the construction must be repeated. 

Example.^ljei AB, Fig. 2652, be = 32 ft.; AG = 60 ft.; slopes 2 : 1 (AE : EG :: 2 : 1); 

required the length of A D 

60 X 32 „^^ ^^ * * ^ 

— - — = 384 = the square of AD; 

therefore, AD = ^384 = 19*596 ft., 1* + 2* = 5, the number above divided by. 

A rule much easier than this cannot be expected. We will apply it to another example in 
which tlie ratio of the slopes is expressed in more compound numb^. 

^'xampltf.— Given AB (Fig. 2652) = 26 ft.: AG = 50 ft.; slopes 1} to 1 (AF : FG : : 1} : 1); 
required AD. 

26 X 60 x_4 ^ 400, the square of AD, .-. AD = VloO = 20. 
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Itgenerally happens that A B, Fig. 2658, the depth in or over the o^tie A, the breadth of the road- 
way £ F, and the slopes of fa, F a, /E, are 
only given, and from which the depth D A 
of the equivalent level cutting is required. 
The point B may or not be in the surface 
of the ground. For example, in Fig. 2650 
the point A represents the centre stake, 
and IS in the surface of the ^imd, while 
Q, where PB meets AB, is below the 
surface of the ground ; hence, the point B, 
in Fig. 2653, may be above or below the 
surface, as the case may be. This remark 
is important, as the position of the centre 
stake is so much referred to in setting out 
the side slopes ; and, in fact, it is the point 
from whidi all measures are taken. When 
the height of the centre stake is known 
above or below the middle of the roadway, 
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in cutting or embanking, the position of B in the line /a, that equalizes the surface, is not far 
from the centre stake in most cases. However, fa is the line found by construction or otherwise 
that makes the area 'EVaf =z area EFPQB. Q being tiie centre stake, and QB and QP, 
Fig. 2G53, the lines that are used, to find the places of the side stakes B and P. 

Let the slope of fa be represented by s : 1, and of 0/ or a by r to 1. Also let B be repre- 
sented by m^ then, putting x = & and y = 0«, by similar triangles, 



r : 1 :: ar : - =a6; 
r 



• : 1 :: X : — =arf; 



.•. TO + - = , and hence x = = 06. 

s ^ » — r 
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Again, r : 1 : : y : — = «/; 



f :i::y:^=^/; 



.•. m — — = — , and y = — r — = Ce, 









Bat on referring to Fig. 2653 it will be seen that 

Oa« = 06* + a6»; and 0/» = «• + «/•; 






/. Oa = V 7-^— Ts — ; 

But becaose the areas of the triaoglaB C/aand GAA are eqnal, and the side, Fig. 2653, 

OAsGA, 



Then,OA = VO/xOa; 
. nx, AV ^^( l + ^X<'m»(rT;^ ,^ j'm'(l4-f^ 

But Oh : CD (A*) :: V(i + r«) : i. 



H6Doe,OD = 



fffi 



sr the depth of the equivalent level cutting. This computation is 



easily effected by logarithms, the use of which are reconmiended when the numbers expressing the 
ratios of the slopes are compound. 

Bute by Logarithms.— JFhm the sum of the logarithms of s and m, take half the sum of the logarithms 
ofs-^r and s + r, and the remainder is the logarithm of 
CD (Fiff. 2653), the depth of the equitfolent cutting 
teAsre the side dopes msaf.— This rule Is the only l d 

simple and, at the same time, exact rule that has ap- ' 
peaied, spite of the numerous controversies and the 
equally numerous bodkB the problem has occasioned 
for many years. 

Example.—Lei the roadway E F = 28 ft. wide. 



with the side slopes of 1} : 1 and the nound to 

A angle of 15° ; with a 
1, of 20 ft.; requ 

PEA A. See Fig. 2654. 



incline transversely atjm ^S}f <^ 15° ; witii a depth 




BA, at the station B, of 20 ft.; required AD the depth of the equivalent level cutting 
— 5AA. See Fig, 2654. 

Since the cotangent of ISP = 8*732, the inclination of /a is 



8-782 to 1; hence « = 8*732; r = l*5. 1*5: 1 :: 14: 84 = AG. 

.-. BG = 20 + 9i = 28*888. 



8*782 
1*500 

2*282 = s — r; 



8*732 
1*500 

5*232 sss + r; 



Log. 2*282= -3486942 
log. 5*232= -7186677 

2)1*0673619 

* 5386809 



Log. 8*732= -5719416 
log. 29833 = 1*4673565 

From 2*0392981 
Take '5886809 



GD = 32084 logarithm = 1*5056172 
9-33S = AG 



22*701 = AD, required. 

To find A D by common arithmetical calculation is not very difSonlt, especially when a table 
of squares, &c., of numbers is employed. 

The general expression may be made to assume the form 



GD = 



sm 



Example. — ^Let the road be 86 ft. wide, with side slopes of 2 : 1, the ground to indin trans- 
versely at a slope of 4 : 1 ; and the depth over the centre of the road, A fi = 24 ft. ; what is the 
depth of an equivalent level cutting? 

2:i::y:9 = GA. 

24 = AB; m= 88 

9 = AG; «= 4 

in=:33 = BG. 182 = mx«. . 

//••-H = V4«-2» = ^12. 
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the sqnaro root of 12 oon be found in the table = 8*464, which is taken sufficiently near for the 
purpose. 

^^ = 88103 s=OD. 



8-464 



9*000 = A. 



29108 = AD. 



Example, — The breadth of the roadway is 25 ft., with side slopes of 2} : 1 ; and a transverse 
ground slope of 6 : 1 (that is, the slope that equalizes the cross-sectional area) ; the depth of the 
station from the centre of the road = 15 ft., what is the depth of a level cutting of equal area ? 

OK 

2}:i:: ~ :5 = A0. 



15 + 5 = 20 = m. 

6 = 8, 

120 = m X «. 



6«= 36 
(2J)«= 6-25 



V29-75 = 5-45. 



The square root of such numbers as 29*75 can be found by inspecting the table of squares, 
squjare roots, &c. 

29*75 X 4 = 119. 

The square root of 119 from the table = 10*9087121, the half of which = 5*454356, of which 
we have taken 5*45. 

^^ =2202 = CD. 



5*45 



5*00 = AO. 



1702 = AD. 

This calculation would be very concise, only the work is accompanied by explanations. Without 
such rendering the work might stand thus, as half the square root of 119 can be taken from the 
table without calculation. 



?5=5 
5 15 



6'-(*)«=^' 



20 
6 

5*45)12000 
1090 



/22* 
\5* 



02 
00 



1100 
1090 

1000 
1090 



17*02 = AD. 



Example, — The breadth of the roadway is 27*8 ft., with side slopes of 86° 40' and a transverse 

XJizing ground slope of 21° 15' ; the depth of the station from the centra of the road 45*6 ft. ; 
t is the depth of a level cutting of equal area ? 



Natural cotangent of 36° 40' = 1 -3432 = r 

21° 15' = 2*6715 = 



27'8 
2f- = 2*6864 



s + r = 3*9147 



= 10*35 = AC. 

45*6 
10*35 



• -r= 1*2283 



55*95 = m 



Log. r + 8=z -5926985 
log. r — »= * 0893045 

2) 6820030 

•3410015 



Log. m = 1*7478001 
log. 8 = 0*4101865 



From 2*1579866 
Take -3410015 



65*612 
10*350 



log. 65*612 = 1*8169851 



55*262 = AD, 

the depth of a level cutting of equal area with the one defined in the question. 

Example.— Thid breadth of the roadway = 33*7 ft.; the side slopes of an embankment are 
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19 : 7 ; and a transYezse ground slope of 28 : 3 ; the depth of the embankment from the centre of 
the load = 18*4 ft. ; what is the depth of the level embankment of equal cross-area ? 



23 
• = 7^ = 7-6667 
3 




r=^= 2-7143 




10-3810 : 


= » + r 


4-9524 : 


= 8 ^ r 


Log.8 + r= 1-0162392 
log «»-r= -6948157 




2)1-7110549 




•8555274 






26-312 
6-2078 



33-7 
5-4286 



6-2078 
18-4000 

24-6078 = m. 



Log. m = 1-3910728 
log. 8 = 0-8846085 

From 2-2756813 
Take -8555274 




Logarithm of 26-312 = 1-4201539 

M6S. J 



AD = 20-1042 ft. 

ConstrucHon.^-'VniGti many oonstrnotions are 
to be made, section or croes-barred paper will be , 
found yery oonvenient. This paper is ruled, or 
rather pnnted from plates of steel or copper, to 
suit with great acouraoy a variety of scales. 

Take A = 18*4 ft. and produce it both 
ways ; draw £ A F = 33*7 ft. and perpendicular 
to AC; A E = A F, Fiflf. 2655. 

Produce AF to n and make Fn = 19 on any convenient scale coequal paits, draw m n perpen- 
dicular to F n and = 7 such parts, then draw B F m H, and in the same way draw B E 6 L. 
Again make Qi = 3, and t v perpendicular to it = 23, draw o G G H, and £ F G H is the cross- 
section of the embankment. Dnw G I parallel to E F, on B H describe the semicirole B J H, 
draw I J perpendicular to B H, and make B K = B J, draw K L parallel to £ F, then the area 
F E G H = the level area L K F E and A D = 20-1 ft., as before found by calculation. 

To find the ContenU of Cutting and Embanhnent8. — ^Let m be the breadth of the bottom of a level 
cuttingat the rails; a, 6, c, (f, .... ^r, the perpendicular heights taken n feet apart; and r : 1 the 
ratio of the slopes ; then 

The content of the central part = -^ |a + « + 2(6 + o + <l. . . .)[; where a and z are the 

extreme ordinates, and 6, c, d^ . . . . I^e intermediate. 

The content of the two slopes = ^|(a+6)« + (6+c)« + (o+d)« . . . .— [o5+6o+c(f . . . .]| 

Example, — ^Required the solid content of a cutting or embankment ABCDEFGH, Fig. 2656, 
whose heights taken at 1 chain of 66 ft. apart are 30 ft. = a, and 20 ft. = & ; the width of the rails 
= 86 ft. = m.; the slopes 2 to 1. 

In this example r : 1 becomes 2:1; n = 66 ft. 

The general formula becomes -o~{^ + ^| + 'o~{(^ + ^)'~'^^[» when two ordinates, a and % 

aroused, 

20 a + 6 = 50 aess. 

80 50 = a -f 6 A 



50 
66 



3300 
36 

19800 
9900 

2)118800 

ABPNKFGI= 59400 cub. ft., 



83600 
59400 



2500 
30x20= 600 = aft 

1900 
2 = r 

3800 
66 = fi 




22800 
22800 

3)250800 



83600= cubic feet in PBOHIG 
and A K D £ K F together. 



143000 = whole content in cubic feet. 



1388 
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This ntunber divided by 27 siyes 5296*290, the content in cabic yards. We have osed no help 
to contract theproceas, in order tnat the nature of the problem may be thoroughly understood. 

Example, — Let the cubical content of the cutting or embankment mentioned in the last example 
be required, when n = 100 ft 



a 


= 20 




h 


= 30 
2)50 






25 


X 100 

2500 

36 




15006 






7500 



= 2500 = 



90000 = 



50 
50 


= a + & 


2500 
ah= 600 


= (a + 6)» 


1900 
2 


= r 


8800 
100 


= n 


EFGL 8)380000 

90000 
126666-66 


= 126666 -66 cub. ft., the content 
of the two slopes. 


27)216666-66 





8024-7 whole content in cubic yards. 

Now observe how easily this result can be obtained when the former 5296*296 is found for a 
chain of 66 ft 

5296*296 
half =2648*148 



Passing two figures to left each time .. 



1 7944*444 for 99 ft. 
79*444 
•794 
7 



8024*689 
Ck>nsequently, if any cubic yards as 90000 be for a 66-ft. chain, 

90000 
45000 



135000 
1350 
13*5 



136363*6 



will be the cubic yards for 100 ft. This result is obtained without mental labour. 

Example, — Required the cubical content of these cuttings by inspecting the following Tables 
(L, IL, and HI.) ;— 

First for n = 66 ft. 
20 
30 

2)50 

25 X 36 = 900 ft. 

From the small Table (I.), for an area of 900 sq. ft., there is given 2199*9999 onb. yds., which 
may be taken as 2200 cub. yds. 

In the hurge Table (IIL), over 20 and opposite 30 will Tabls I.~For 66 feet, 

be found 

1548 
2 = r 

3096 
2200 

5296 oub. yds., 

the same whole number of yards as these before found, 
according to the formula. 



1 


2*4444444 


2 


4*8888888 


8 


7-33333a3 


4 


9-7777777 


5 


12-2222222 


6 


14-6666666 


7 


171111111 


8 


19-5555555 





21*9999999 
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When the onbio content in yaitb for a chain of 66 is known, the content for a chain of 100 is 
found inBtantly, as before shown. 

5296 
2648 



7944- for 99 ft. 
79-44 
•79 



8024*23 for 100 ft. 

When tne work is not encambered by explanations, the ease of application is very apparent, as 
the following examples will show. 

Example, — Let tne eqaivalent level cutting at one end have a particular height J L = 25 ft., 
Fig. 2656 ; at the other end, O M = 20. What is the cubical content for lengths of 100 ft., 66 ft^ 
and 50 ft., the roadway 28 ft. wide and the side slopes 1} to 1 ? 

From Table I, 

25 

20 

45 

14 = half 28. 

180 
45 



For 600 
80 



630 



rt 



Table IIL 




Opposite 25 under 20 


. . . . 


621^-^* 

1864 
1540 


For a length of 66 ft. 


. * . . 

8404 
1702 


8404 cub. yds. 


For 99 ft 


5106 






51- 


06 
51 

* 



1466-6666 
73-3366 

1540- 

For 100 fk 5157-57 cub. yds. 

2)5157-57 for 100 ft. 

2578 -78 for 50 ft. 

Hence, if 25 and 20 be the heights of a filling or the depths of a cutting, 

Cal>. jda. 
For 66 ft., the content = 8404* 
„ 100 ft., the content = 5157-5 
„ 50 ft., the content = 2578 * 8 

It is easily seen by a practical civil engineer that this is the best and easiest method of finding 
the solid content of cuttings or embuikments yet proposed, whether the chain be 100 ft. long, 
66 ft., or 50 ft. 

The content for any other distance, as 121 -3 ft, is also readily determined, thus ; — 

For 100 ft 5157-5 

1ft 51-575 

121-3 



)) 



For 121-3 ft. 



154725 
51575 

103150 

51575 

6256-0475 



Any other length may be applied in the same manner. 

fTxamp/f.—Liet 16 ft. be the height of a level filling, which has the same area as the cross-section 
at this station ; 100 ft. from this the height of the level filling is found to be 14 ft. ; how many cubic 
yaids of earth does it contain, the ratio of the side slopes I to 1, breadth of the roadway = 82 ft ? 

From Table n., which is for finding the content of the central part for lengths of 100 ft., will 
be found the content of the central part, thus;— 



14 
16 

2)30 

15 



Tablb n.— For 100 feet. 



82 = breadth of roadway. 



30 
45 

480 



Fot400 
80 



M 



1484-481 
296-296 



Cubic yards 1777-777 



1 


8-703703 


9 


7-407407 


8 


11-111111 


4 


14-814814 


5 


18-518518 


6 


22-222222 


7 


25-925925 


8 


29-629629 


9 


83-333333 
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For the content of tlie two slopes and a length of 66 feet 

Opposite 16 over 14 .. .. 551 413-25 

f = r. half =206-625 

413-25 619-875 

6-198 
61 



626-134 
Cubic yards 1777-777 for 100 ft. 

2403*911 whole content. 

Excanple, — Sappose the equivalent level cutting at one end to be 24 ft., and at the other 36 ; the 
roadway 31 ft. wide ; the length of the cutting 100 ft., the side slopes 1^ to 1 ; required the cubical 
content in cubic yaids. 



24 
86 




2)60 




80 

31 breadth of roadway. 


930 




JVwn Table IT, 




For 900 

» SO 


8333-333 
111111 





Fnm Table TIL 




Opposite 36 oyer 24 


• • • • 


2229 
4 




r = 


i 


8)8916 


For 66 ft. 






2972 






half 


= 1486 



4458 
44-58 
'45 

For 100 ft 4503-03 

3444-444 844444 



Total content = 8947*47 

Example, — ^Let a cutting be in every respect the same as the last, only the length = 66 ft. ; 
what is Ihe cubical content ? 

Opposite 30 over 24 .. .. 2229 

4 



36 + 24 = 60 
31 = 


: breadth of roadway. 


60 
180 






2)1860 






930 






F^-om Table I, 
For 900 


2200 
73-33 



r = I 8)8916 

2972 
2273i 

Total content for 66 ft. 5245^ 



2273-33 

As all the figures employed are set down, it is evident that this plan is superior to any other 
proposed method, as but one-tenth the mental labour is expended. 

What is the content for 123 ft. when the content for a length of 66 ft. = 5245*33 cub. ft.? 

5245-33 79-4747 

2622-66 12-3 



7868-00 2284241 

78-68 1589494 

78 794747 



7947-47 for 100 ft. Cubic feet 876-53881 for 12-3 ft. length. 

79-4747 for 1ft. 

Example, — ^Required the cubical content by the general formula. 



B49 
126 
(M)3 

584 
566 

748 
B34 

m 

188 
281 
^5 
172 
571 

^ 
r71 
^73 
)78 
)83 

190 

m 
no 

m 



t 



2503 
2583 
2663 
2745 

2830 
2915 
3002 
3091 
3181 

3278 
3367 
3462 
3558 
3658 

3758 
3860 
3963 > 
4069 
4175 

4284 
4394 
4504 
4619 
4733 

4851 
4968 
5087 
5209 
5331 



5457 
5563 
5711 
5841 
5971 



)0 

16 

>7 
(8 
)0 
54 



6105 
6242 
6374 , 
6512 ;B6 
6652 52 



)8 
B6 
28 



6794 
6936 



12 

IS 



88 



[ 



9097 
9246 
9398 
9550 
9705 

9862 
10020 
10180 
10334 
10504 

10670 
10834 



9397 

9548 

9702 

.9858 

10017 
10172 
10334 
10498 
10660 

10824 
10994 



9702 

9858 

10012 

10171 
10328 
10410 
10652 
10818 

10984 
11150 



10012 
10169 

10827 
10488 
10650 
10814 
10978 

11145 
11316 



61 



ea 



68 



64 



10827 

10486 
10647 
10810 
10974 
11140 

11310 
11478 



10647 
10809 
10972 
11136 
11306 

11474 
11647 



66 



66 



10972 
11136 
11304 
11470 

11640 
11812 



11304 
11468 
11640 

11808 
11982 



11688 
11808 

11979 
12152 



67 



68 



68 



11978 

12150 
12824 



12322 
12496 



12672 



70 



71 



78 



To face p. 139a 
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a = 24; 5 = 86 
r = l^; m=:81; n=100fl. 
81 X 100 



. X (24 + 86) = 98000 

35 



24 

86 



(a + &)'== 60> = 8600 
a X & = 864 

o« + a6 + &« = 2786 

4 

8)10944 27)214600(7948 

189 

8648 

100 256 

248 

8)364800 

180 

121600 108 

93000 

220 

Ckmtent in cab. ft. = 214600 216 

The difference exuting between the xesdlt obtained by nsing the Tables and the rBBtdt given 
by the fonnula ia bnt very small for so large a content 

It arises from the results giyen in Table HI. being whole nnmbers without decimals. In &ct. 
Table III. contains the content in cubical yards to Uie nearest unit, and the depths of the level 
cuttings have all the integral values from 1 to 70. 

When decimals are annexed, the additional cubical content is found by consulting Table IV. 
The method of using this Table will best appear from example. 

Examjpie.—lje% a = 52*6 ft. ; 6 = 80*4 ; the slopes 2 : 1 ; the breadth of the roadway 86 ft. ; 
length 66 ft. : what is the content in cubic yards? 

52*6 To find what must be added for decimals 

80-4 (*6) and (-4) employ 

^ TabUnr. 

18 = half 36. 52-6 

2 

664 

83 105*2 = 2a 

80*4 = 6 

1494 

JVomroftfeZ 13^56 = ?A±f 

For 1000 2444*444 10 

„ 400 977*777 The nearest whole number to which is 14. 

„ 90 219-999 

^ 4 ., ,. ., 9*777 Opposite 14 and under * 6 ., .. 68 

80**4 = 6 

8651*997 2' 

Toftfe ///. TTZ 

Opposite 52 under 80 •• .. 4208 52*6 = a 

ir34 = 2^+-? 
10 

The nearest whole number to which is 11. 

Opposite 11 and under * 4 .. •.36 

4208 I 
68 (add 
86j 

4312 
2 = r 

mAA i 8624 
•*^\3652 

12276 cubical content for a length of 66 ft. 
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Table IV 





•1. 


•2. 


•8. 


-4. 


•6. 


•6. 


•7. 


•8. 


•9. 


12 


•1. 


•2. 


•8. 


•4. 


•5. 


•6. 


•7. 


•8. 


•9. 


1 


1 


2 


2 


3 


4 


5 


6 


7 


7 


10 


20 


29 


39 


49 


59 


69 


78 


88 


2 


2 


3 


5 


7 


8 


10 


11 


13 


15 


13 


11 


21 


32 


42 


53 


63 


74 


85 


95 


3 


2 


5 


7 


10 


12 


15 


17 


20 


22 


14 


11 


23 


34 


46 


57 


68 


80 


91 


103 


4 


3 


7 


10 


13 


16 


20 


23 


26 


29 


15 


12 


24 


37 


49 


61 


73 


86 


98 


110 


5 


4 


8 


12 


16 


20 


24 


29 


33 


37 


16 


13 


26 


89 


52 


65 


78 


91 


104 


117 


6 


5 


10 


15 


20 


24 


29 


34 


39 


44 


17 


14 


28 


42 


55 


69 


83 


97 


111 


125 


7 


6 


11 


17 


23 


28 


34 


40 


46 


51 


18 


15 


29 


44 


59 


73 


88 103 ill7 


132 


8 


7 


13 


20 


26 


33 


39 


46 


52 


59 


19 


16 


31 


47 


62 


77 


93 108 1124 


13;) 


9 


7 


15 


22 


29 


37 


44 


51 


57 


66 


1 20 


16 


33 


49 


65 82 


98 114 il30 


147 


10 


8 


16 


25 


33 


41 


49 


57 


65 


73 


21 


17 


34 


51 


68 86 103 120 137 


154 


11 


9 


18 


27 


36 


45 


54 


63 


72 


81 



















If the loDgth = 100 ft. with the other dimensions remaining the same, the content will be 

12276 
6138 



18414* 
184 14 
1-84 



For 100 ft. 18599-98 cub. yds. 

These resnltf do not differ from those obtained with mathematical accuracy more than 2 yds., 
according to the fDrmnla. 

a = 52-6, b = 30-4. m = 36; n = 66; all in feet; r = 2. 

36x 66 



2 



X (52-6 + 30-4) = 36 X 33 X 83 = 98604. 

52-6 
30-4 




249 
664 

6889 = (a + by 
80*4 X 52-6 = 159904 = a x 6 



5289-96 

2 = r 



n 
"8 



rn 



(a« + a6 + 5«) 



10579-92 
22 

2115984 
2115984 

232758-24 
98604- 

27)331362-26 
27 



61 ri2273, the true content 
54 \ in cubic yards. 

73 
54 

196 
189 

72 
81 



We will next give a model example, merely setting down the numbers employed in the operation. 
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i?«ainj9fo.— Lei the depths of a cutting be 89*3 and 37*7 ft. ; their disiaiioe = 66 ft. ; the ratio 
of the alopes 1} to 1 ; vhat is the content ^ Bottom width s 83. 

89-3 
87-7 

77-0 
83 

231 
231 

2)2541 * 



T(M«I. 

For 1000 2444*444 

,, 200 488-888 

„ . 70 171111 

„ -5 1-222 

8105*666 



1270-5 



Opposite 12 under * 8 29 

87*7* 
2 



26-f o 
10 



75-4 
89-3 

= 11-47 



TMellT. 

OppoBite 39 oyer 87 8531 

39*8» 
2 



2a4-6 
10 



78-6 
87-7 

11*63 



Opposite 11 under 7 63 

8531 
29 
63 

8628 r = | 
8 



2)10869 



5434*5 
8105*66 



Content 8540*16 cub. yds. 

Leta = 7-1; 5 = 6*8; o = 5*8; d = 7*6; = 11*6; these depths are at 100 ft. apart; the 
breadth of the roadway = 80 ft.; and the side slopes 8 : 2, or | : 1. 

r = f; m = 80; n = 100. 
General formnla 

^ { a+«+2 C6+c+d) } + Y { (a+6)« + (6+c)^ + (c+d)* + (d+«)« - (a6+6o c<f+d<r)}- 

58 
100 = » 

5800 

80 = m 



2)174000 
87000 



(a + 6)« = (7-l+ 6-8)« 
(6 + c)« = (6-8+ 5-8)« 
(c + d)« = (5*3+ 7*6)* 
(<|+e)« = (7*6+ll*5)« 


= 13-9« = 
= 12-1« = 
= 12*9« = 
= 181« ?= 

7*1 X 6-8 
6-8 X 5-3 
5-3 X 7*6 
7*6x11-5 


193-21 
146-41 
166-41 
827*61 


48*28 = ax& = 
85-04 = 6 xc = 
40-28 = xd = 
87-40 sdXtfs 


883-64 



211*00 



6 
c 
d 


= 6*8 
= 5*3 
= 7*6 

19*7 
2 






89*4 
7*1 : 
11-5 


• 

=2 a 

s a 




58-0 


883*64 
211*00 




622*64 
100 




62264* 






2)186792 






8>98396 






31132 
Add 87000 




118182 onb. ft. 
4 u 
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The fonnnla is oonTenient when the nmnbers aie small and a table of the sqnaies and prodncts 
of nmnberB oonvenient. 

To find the Solid Content of a Railroad Cutting or Emhctnkment, when great accuracy is required. — 
Bule, — ^Add together the area of two parallel oroes-sectionB, and four times the area of a aeotion 
half-way between and poiaUd to them ; and multiply the sum by one- 
sixth of the length measured perpendicularly to the parallel seotions, SWT. 
and the product is the solid content required. 

Example.— JjQi the area of the cross-section A, Fig. 2657, = 
2675 sq.ft.; B = 2540sq.a: G = 2489 sq. ft. ; the distance DE = 

£ F = 50 ft. or the distance between A and B = 100: what is the 

content? 

2540 r=B 
4 



10160 
2675 = A 
2489 = G 




6)15324 

2554- 
100 



255400- cub. ft. 



255400 
27 



9459*2 cub. yds. 



SOFT 




The Tables will determine the content with the same accuracy as the general rule just giyen, 
without the middle area beinff given. 

Example.— Ijei the areas of the two ends of a cutting be 4990 and 1294 sq. ft., the bottom width 
80 ft., the length 1*60 chain, and the ratio of the slopes 1} to 1 ; required ihe content of the 
cuttinig in cubic yards by referring to the Tables. 

In applying the Tables to such examples, the square roots of the areas, to where the slopes 

meet, must be mst extracted, or, which is more easy, taken firom a table of square roots. 

SO 80 X 10 

1} : 1 : : -^ : 10 ft., the depth below the roadway where HbB dopes meet, — ^ — = 150 sq. ft., 

the area of the triangle, to be added to the areas of the cross-sections. 

4990 1294 

150 150 

5140 and 1444 

the areas of the sections to where the slopes meet. The square roots iji these numbers are 71 '7 
and 88* respectiTely. 

By Table m., for 71 and 88 7483 

ByTableIV.,forIi^i=^ = 18*and(*7) .. .. 103 



Content to the intersection of slopes 



7586 



1 K/\ »y mi 
Take the content &om roadway to where the slopes meet = — 5= — = 366f 



27 



7219^ 



Content for one chain 

7219i X 1*60 = 11550*933 cub. yds. 

Example, — ^Let the areas of the two ends of a cutting be 3645 and 4036 sq. ft. ; the bottom 

width 27-2 ft.; the length 17*6 ft.; the ratio of the slopes 1-7 tol; required the content of this 

17*2 
cutting by the help of the Tables. 1*7:1:: —^ I 8 ft., the depth below the roadway where the 

27*2 X 8 

slopes meet. = 108*8 sq. ft., to be added to the areas of the cross-sections. The solid 

2 

content of the wedge below the roadway to where the slopes meet, for a chain = 66, in length = 
108-8 X 66 „^, ^ , ^ 
S7 = 265-9 cub. yds. 

It is necessary to make these little preliminary calculations before applying the Tables, in such 
general eiamples as the one we have given above. 



3645 
108-8 



4036 
108-8 



V3753-8 = 61*3; ^^lUS = 64*4. 

MThen one or both the given depths, or square roots, exceed the limits of Table IH, find the 
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eoDtent corresponding to half the two depths, and four times the result will be the content 

required. 

By Table IIL, for 64 and 61 9550* 

m_... T^r 61-3 X 2 + 64-4 ,^ , « 

Table rV., ~ = 19 and 3 47 

64 4 X2 + 61 3 _- , . ^ 

. —-^ = 19 and -4 62* 

Content to intersection of Bloi>e8 9659' 

Content from roadway to the intersection of slopes .• 265 * 9 

9393 1 
CaMcfxJL 

9393 1for66feet 
4696-5 

14089*6 

140-9 

1-4 

142-319 for 100 feet 
142*819 for 1 foot. 

142*319 X 17-6 = 2504-8140, 

whe content in cubic yards for the distance given in the example. 

To find the Content of a JtaUroad Cutting j when the Slopes of the TSeo 8%de$ are dWereni, — BvUe, — 
Find the content as if one of the slopes were given : take half the result and add it to half the 
content found by suppoemg the other slope only g^ven ; the sum will be the content required. 

Example, — ^Oine side of a cutting has a slope of 1} : 1, the other side a slope of IJ : 1 ; the 
heights of the equivalent IcTel cross-sectional areas, taken 100 ft. apart, are 18 and 11 ft.; the 
breadth of the roadway = 30 ft. . what is the content in cubic yards ? 

11 For 300* .. .. 1111*111 

13 60' .. .. 222-222 

8)24 1333*838 cub. yds. in the central part. 

12 
SO 



860 



For 13 and 11 in IVible HI., 853* for 66 feet. 



2)2? 



M-y 



353 
11 

8)3883 



485-4 
4-85 

4 



Slope 1| : 1, length 100 feet, 

1333-8 
490 3 



490 3 cub. yds. 

968S. 

Fftr E Hi b \r 



Content 1823*6 cnb» yds. 

TnventigatUm of the Oeneral Formula for CaleulalilM the ContmU 
of CiUtinga and EmbanJbnente.'—ljei ABCDEFGHIJKL, 
Fig. 2658, be a railroad cutting; the planes ABCF and 
LOU perpendicular to the plane of the roadway IJ B A. 
Then D B s £ A = 6 and KJ = lH = aare perpendicular to 
lAandBJ. 

The sides JLOB andlGFAslope till their bases are to 
their perpendiculars as r : 1. A £ and B D are perpendicular 
to C F, and J K and 1 H perpendicular to Q L. 

B D : D C : : 1 : r, the same proportion holds in the other 
nght-angled triangles A £ F, 1 6 H, and K J L. 

.'. EF = DC = 5r. QH = KL = or. 

The length of the cutting J B = 1 A = fi, the breadth of the 
roadway A B = t J = m. Fig. 2658. 

The two slopes of Fig. 2659 put together make up the 
frustum of a pyramid F B C L J G , represented in Fig. 2660. The centre part E D B AI F is given 
in Fig. 2659, the content of which we will find first 

Let the plane BST U, Fig. 2659, be parallel to the ends and half-way between them; and 

4 u 9 
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USOPTN parallel to the road plane ABU: thentlwaolidlHEDEJ = tlieKilid lUOPEJ 




From thlB formnU Tables I. and n. ore aaJou- 
lated, takmg ■ = G6 and n = 100, and dtviding bj 
27 to lediioe the OMitent to cnlno yards. We will 
next find the Aoutentofthe two sfiipe«, Fig. 266a . 

6-o:m::o:^— -^ = JQ. BQ = » + ^^ = ^A_. yf- = aw»ofthetriaDgloBOF. 

i X r^— ^ Wrs content of thepyianiidPBCQ= — ^— — V 

Anaof the biutgle JOL = ii*r, hence the oontent of the pymtnid OGLJ = 

' b — a 3 \b — aj 

CanHqnently, the aolid Mntent of the frnrtnin J 6 L C F B = 



^<* + «) + ^{(* + ')'-'''} 
"(<! + «t)+y{(o + d)'-edj 
Ao. + Ac, which beeomu 

^{a + « + a(i+e + d...) + 

y{(« + *)» + (* + c)>x(<J + d)' + ....-[=6 + *o + od+...0J 

the generd fonniila that we propoaed to demoTutrate. We will add an example that often occ 
in practioa ; whea cnttings 01 embankmenta are meaBOred after the work u dona, the -ddes hi 
differer' -' ' "■— ---■■ ' "■ — :-■— '-^ -- ■-- -^-— m_ o_i .v .__, 



of the oonitant ratio tiBed in other 

Exanplt. — Let the bottom width = 36 fl. ; the depthi of the lerol equalized 
and SO fL leapectivel; ; one of the tide alopee If to I, the other 2 to 1 ; what ia the oontent, in 
enbio jaide, foi ■ length of 100 ft, f 
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86 X 100 

— g X (20 + 30) = 90000 cub, ft. in the oentral part. 

20 
80 

60« = 2500 = + 6)« 

20x80 = 600 

1900s=a6 + a' + 6' 
100 



190000 

7 r = J 



4)13S0000 
8)332500 



110833*3 oub. ft. iQ the aide slopes. 
90000* 



27)200833* 3(7438 '2 
189 

118 
108 

103 
81 

228 
216 

73 
54 

By the ra6fo.— 7a6fo ///.— For 80 and 20 wiU be found 1548; thiB is for a length of 66 a 

1548 
774 

for 99 ft. 2322 

23-22 
•23 



for 100 ft. 2345-45 

7 r = t 

4)16418-15 



4104-54 

8333-83 fonnd in Table IL for 9000. 



Cabio yards 7437*87 

20 
80 

2)50 

25 X 86 = 9000. 

By inspecting the Tables the content is fonnd to be 7487*87 cub. yds.; by the formnia the 
content ia 7438 -2 cub. yds. ; the difference is less than half a cubic yard. 

Side Depths and Side Stahes. — When the centre stumps of a railroad haye been put down, which 
are usually at the distance of one chain, the line must next be levelled, and the number of the 
stumps entered in the level-book in a vertical column; and opposite each number, in another 
column, the depth of the cuttinss or embankments ; and in a third column, the horizontal half- 
width of the surface cuttings. jDut every engineer has his peculiar methoa of keeping a field or 
level book. 

To set out the width of cuttings, when the surface of the ground is laterally level, and at a 
given height above the level of the intended railroad, the ratio of the slopes being given, let 
A B DH, Fig. 2661, be the oroas-seotion of a cutting, the ground H D parallel to the bed of the 
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e slope ol 
the perpendiool&r ID; letBI:ID = m;ti, then the alopea ue said to be n : n, or - ■ 

Id thia oaae, u it is supposed the groimd H D is level, the di*tsnoe tiom the oentre V to tho 
ride ititkee D and H will be expresMd b; } 6 4- — A, 

£x<in^.— Let the bottom width A B = 28 ft., the depth of the entting: C F ^ 16 fL, the 
alopeeS : 1; thftt ia,BI : ID = 9 :l; nquiied the diattuice of the aiderttikesH and D bom tha 




Extnmli of mibanhiunt, when the Bnrfaoe of the Krotmd Is UtenillT lerel, Fig. 2668. BnppoM 
the breadth of the roiulway A B = S2 ft. ; the height of the embenkment C F =^ 20 ft, uid the 
ratio of the slopes 6 to 5, that is,DE:EB = 6:5; reqniied the dirtanoe of the tide stakes H Mid 
D fioM the oontre P. 

H F = i of 32 + I of 20 = « = F D. 
The alope given to the itdea of either onttiiigs or emhwikinents variw vlth the material thnmgh 
vhich the roeui has topass. 

When B I = I D, Fig. 2661, the alope la laid to be 1 : 1. The slope ts said tobearlsBor2toI 
wheo IB — twice ID. In close-jointed rook the ratio varies ftom 1 : 4, to I : 2. In soft or loose- 
jointed rock, or stiff olay, the ratio varies from 1 : 1, to S : 2. If the road passe* through moist 
springy ground or looee sand, the ratio of the slope varies from 2 : 1 to 5 : 2. Bhonld the gioond 
lue bom F to M, Fig. 2663, the slope stake most be set ont &rther, as at M. Let the ad<flti(Hwl 

belghtHN=Atl>ei>DN = -p. And If thegnmndfttUsfKtnF to E,adistanoeLE = g, tho 
■lope stake mnst be set tuOiea In at E, a dlstanos H L = - 9. 



, FN = ift + -* + -j), 



PL = i*+-A g. 




embankment, Fig. 2664 i while the lall at K is netuer the centre F, than Hon the lerel with F, in 
an ezoavatloii. Fig. 2663. 

i:»mplt.—la the cutting, Fig. 2G63, and in the embankment, Fig. 2661, 
LetAB = & = 80ft. EL = 9 = 4n. 

C F = A = 18 ft. m : B = 8 : 2. 

MN=j)= eft. 
8:2 = BI:ID = AI:JK = DNlNM = HL:LK. 
CoBseqaenll;, 

As tho gronnd oontinnes to slope np or down from F, the centre stake, the poaitiona of M and 
E are often detemiitied on the ground by a aorioa of trials, or fudged out in an oflice by Bone clumsy 
mecbamoal construction or other. To avoid guessing, or rule-of-thimib opomtioDS, we will lay down 
a practical exact plso by idiioh the positions of the side stakeeE and Miuay be easIJyIbnnd, The 
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positions of D and H on a level with F, the centre stake, can be aoonnttely calculated when the 
neight G F, breadth A B, and ratio of B I to I D are given, therefore it is known, very nearly, where 
the lines A K and B M strike the surface of the earth. And as F K and F M are seldom in the 
same straight li ne.i t is more accurate to find the ratio of F L to L K as well as the ratio of F N to 
N M, Fig. 2665. When these ratios are known, 
which may be readily found by a level and 
target-rod, the distance of M fhnn F and of K 
from F are easily calculated. 

In the neighbourhood of H and K there 
are always short spaces before or behind M 
and K, in the directions of the lines K F and 
F BI, Slid it does not matter how irregular the 
surface is between these points. It is not 
necessary that the spaces before or behind K 
and M are level or not, so that they are nearly 
in the directions of F M and F K. Bet up 
and adjust the level at any convenient place 

X, outside the cross-section ; place the tiurget- * „ « . 

staff at Y, as near as you are able to judge to * r. w . 

the required point M ; read off the height 8 Y ; remove the staff to the oentre stake F, and read 
off the height FT; the difference between 8 Y and F T will give Q F, which put = r, measure 
Y F, and put « = Y F. If the distance Q Y be not great, it may be measur ed by th e same tape or 

chain that takes the length of F Y ; or Q Y may be calculated, for Q Y s Vi^ — r", which put = % 
to make the reasoning more concise. 

Then the three sides of the triangle Q F Y become known ; this triangle is similar to the tri- 
angle F N li, and hence 

FN:NM::«:r, fn:fm::<:«, FM:MN::«:r; 

because the three sides of the triangle, Y F, Q F, Q Y, are respectively represented by the three 
known quantities, «, r, i. Two of these quantities, s and r, may be measured in links or feet on 
the ground, and the third side may be measured or calculated according to the circumstances of the 
case. Again, place the target-staff at Z as near the required point K as you are able tojudge ; but 
it does not matter where it is placed, as I have before observed, so that it is in the line F K. Then 
read off the height Z V without (hanging the position of the instrument at X ; from the height 
% y take T F, tne remainder Z B is one of the sides of the triangle F Z B; put this known height 
Z B = a; measure Z F with a tape or chain, and put it = c; BF may be measured and put = 0, 

or calculated, for = t/W^^. As on the other side of the centre F, the triangle F B Z is similar 
to the triangle FLK. Hence FK:KL:LFsc:a:0. 

To render this method of proceeding as dear as possible we have dwelt 00 every point of the 
process, so that there could be no misunderstanding. This subject has been treated bv writers in 
a most dovenW manner; and by most of tiie empirical roles laid down by them it takes three or 
fiMir trials to determine the position of a side staka 

LetKF = «andFMssy. AB=:6;F0=:A: BI:ID=:m:ii. 

And as we have just found by the level and target-staff that 



Also, 



FN:NM = t:r, 
FL:LK = s:a, 



FM:FN = «:<: 

F K : K L = : a. 



We have selected these measures in the most general manner, in order that the result may embrace 
all like cases. 

= LH. 



e:a::«: — = KL. KL:LHsKJ: JAr=»:m; .*. ^:LH::n:m:or^^ 
e e en 



FH-HL = LF. 



FH = J6 + !^; 



,\ LF = J6 + -A 

a c» 



c : • ::* : — = fl 

e 



e 2 a c» 



. ^_ c(a6 + 2mA) 
2 (0 n -f a m) ' 



and hence the exact 



of the side stake K fhnn the centre F becomes known. 



t:r::y :!1^ = MN. BI : ID=:DN : NMsm: »; 



• la • • 



-r : — 2: - DN. 



na 



FD + DNsFN. 



FD = J6 + — ; 

a 



.%FN = --h— + — i';but, 
26 a ns 



• • • 



ti^'rrFN; 

9 



<y _* mk mry 
$ "2"*" a "*■ a» 



y = 



»(ii6 + 2mA) 
2(a « — mr) 



and henoe the exact distance of the side stake M is readily determined. 

l;jNimpfe.— Given the breadth of the roadway A B = 28 ft. ; the height of the centre stake F = 
A = 24 ft.; the ratio of the slopes AH, BM, or BI : ID = 3 : 2. In a surface distance FY = 
60 ft. =: «. A rise F Q = 7 ft. = r, is found by the level and target-staff; in the surface distance, 
F Z =r 50 ft. = c, a fall B Z = 4 fl. = a is found. Bequired the points K and M where the surface 
of the ground intersects the slopes that form the road. The solution ci this problem and of this first 
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example aie given at full length, in order that the ground-work of the practical rule, to be given 
presently, may be well understood. 

F M : P N : M N = » : V«* - r« : r, 



FK :FL : LK = c : Vc«- 
60> = 3600 
7*= 49 



%9 • 



« = V?-^ 



r*= ^3551 = 59-59 

60« = 2500 
4«= 16 



tf = Vc« - a« = ^2484 = 49-84 
10000 



_ 50(2x28 + 2x3x24) _ 
*" 2(49-84x2 + 4x3) ""223^ 



= 44-8 ft. = the distance from F to K. 



y = 



_ 60(2 X 28 + 2 X 3 X 24) _ 12000 



196-36 



5=61-11, 



2(59-59 X 2-7 X 3) 

the distance horn F to M. Although this calculation ia simple and extremely accurate, yet the 
generality of practical men require rules that can be applied without entering into the reasoning 
of the matter in every particular case and example. To suit this class of pracfitionerB we will lay 
down one or two other methods of finding the values of z and y. 

In Fig. 2666, by the use of the le^el 
and target-stafl^ as described in Fig. 
2665, let the rise from the centre stake 
Ff in the direction F Y, be determined ; 
which represent by the ratio t I 1 
Thatis. FW:WY:< :i. 

In the same manner, by placing the 
target-staff at Z, in the neighbouniood 
of K, find the fall from the centre stake 
F, so that F, K, Z, may be in the same 
straight line, or nearly so; in general 
terms this ratio may be represented by 
to 1, that is. Fit : BZ :: : 1. 
Before going on the ground to set out side stakes, the lines of the figure H A 6 D are known ; 
the horizontal half-breadths F D, F H, are found from the height F G, and the breadth of the 
roadway A B being given. When the positions of H and D are known, it is not difficult to select 
some points, Z and Y, near them to ascertain the slope of the ground. In finding the half-breadtha 
F D and F ^, the ratio of B I to X P is also given ; this ratio may be represented by 1 : n, thftt iSv 

HL : LEsl in. 




BI:ID = 1 :n; PN:NM = 1 In; 

Put © = HL, then 1 : n :: o : nv = LK. 

Put HF = d = FD, the half horizontal breadth, through the centre stake F, 

— and« = 



d — V 

el 1 ::<*-©: — = KL; 



nos 



Agaiiif put DN s= r, then 



e 



n^+l 



1 !fli::s :iijr = MKt 



d + M , d . 

/. ng= — r— , and z = — — ; • 
* ' nf — I 

From which the following simple practical rule may be deduced. 

BtUe. — When the ground rises from the centre, increase the horizontal half-breadth, divided by 
the half-breadth by the product (less one) of the numbers that express the ratio of the rise and the 
ratio of the slope, and the horizontal distance of the side stake is determined. When the ground 
falls from the centre, decrease the horizontal half-breadth, by the half-breadth divided by the pro* 
duct (plus one) of the numbers that express the ratio of the use and the ratio of the slope ; and the 
horizontal distance of the other side stake is found. 

Exampie.—GiYen the breadth of a railway A B = 30 ft. ; the height G F = 26 ft. ; the side slopes 
1 : 2 (BI : ID :: 1 : 2); the rise of the surface from F to Y = 1 in 20 (FW : W Y :: 20 : 1). 
The fall from F to D = 1 in 36 ; required the horizontal distances F N and F L, where the surface 
of the ground intersects the side slopes of the railroad. 

HF=y + -^26 = 28 = FD, half the horizontal breadth meeting the side slopes on a level line 
through F. The horizontal distance F W may be measured in lengths £ G, P Y, when the surface 
Is irregular. 

2 X 20 - 1 = 39, and 4ft = -72 .-. FN = 28-72 feet. 

2 X36 + 1 =73,widff = -88, .-.28- -38 = 27-62 = FL. 

This calculation is so plain and simple, that the positions of the side stakes are found in a few 
seconds. It should be noticed that in the ratios of the slopes, and inclination of the ground, unity 
is taken for the base of the side slopes^ but for the perpendicular of the rise or fall of tho ground* 
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Side Depths and Side Stakes, — ^In an embankment, Fig. 2667, given the breadth of the roadway 
AB = 82 ft.; the height OF = 18 ft. ; the side slopes as 1 to f (BI : ID :: 1 : |): the fall of 
the surface from F to M = 1 in 26^ (FN : KM :: 26^ : 1); the rise of the surface from F to K 
to be the same as the fall, which is very often the case. Require the horizontal distances F N 
and F L, where the surface of the ground will meet the rise and dopes of the road. 



D..f4 



xl8 = 43 = FH. 



26} X I = 17| 
take 1 



16| 



161 - 50 - ^ ^^' 



43 plus 2-58 = 45-58 = FN. 



??• = "^ = 2-3, and 43 minus 2-3 = 40-7 = F-i. 

lo'} Oo 

With embankments the rise answers to the fall in cuttings, by inverting Fig. 2663 it becomes 
Fig. 2664 ; hence the rule given for cuttings is easily made to answer for embankments. 



seey. 



9068. 





In a cutting. Fig. 2668, given the breadth of the xoadwav AB = 28 ft. ; the heieht 0F= 20 ft. ; 
the ratio of the side slopes 1 : ^ ; the inclination of the sunace of the ground at the cross-section, 
taken by a theodolite = 14% that is, the angle MFD = HFK = 14<^ Bequired the horizontal 
distance E M and F L^ where the surface of the ground meets the side slopes. 

90° - 14<> = 76°. 

The natural tangent of 76° = 4-010781, hence the rise and fiall of the slope of the surface of 
the ground at the cross-section may be taken as 4-01 to 1, 

HF = ^ + j20 = 64 = FD. 



Agam, 



4-01 X } 
Subtract 


= 2-005 
.. 1-000 


54 

1-005 
Add 

EM 

54 
3005 

FL 

the breadth 


■ . 


53-73 




1-005 

= 2-005 
.. 1000 


54-00 half-breadth. 


\, 4-01 X J 

Add 

• 


107-73 a 

54-00 half-breadth 
17-97 take 


ankment. Fiir. 


8-005 
2669. firiven 


86*03 ft 



of the roadway A B =30 ft. ; the height C F= 12 ft. ; 
the ratio of the side slopes 1 : | ; the elevation or in- 
clination of the surface of the ground in the direc- 
tion of the cross-section = 8°, that is, angle K F H = 
D F M = 3°. Bequired the horizontal distances E M, 
F L, where the surface of the ground meets the side 
slopes. 90°- 3° =87°; tan. 87^=19-081137. Hence 
the rise and fall of the surface from the centre stake 
F may be represented by the ratio 19-08 to 1. 

HF = ^ + |xl2 = 81=FD. 




1908 X f = 
Subtract .. 


14-31 
100 


81 
- — = 2-33 

13-31 


19-08 X f = 
Add .. 


13-31 

14-31 
1-00 


3100 = FD 

33-33 = EM. 

^^ = 2-03 
15-31 

31-00 = FH 




15-31 




Difference 28 97 = FL. 
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The siinplioity of this plan of patting down side stakes is apparent, and the formula from 
which it is aeduoed is easily rememoered. 

HL=:— ^; d=:FH. DN = — ^,; J = FD. 

It shonld be remembered that in the ratio 1 to n, 1 represents the base, and n the perpendicular 
of the side slopes. In the ratio t iolyt represents the base, and 1 the perpendicular rise in the 
case of a cutting, and vice versd in the case of an embankment, see Figs. 2667, 2668. The ratio 
e to 1, represents the base and 1 the perpendicular. 

To set out the widths when the surface of the ground is laterally sloping, and when the cross- 
section consists partly of cutting and putly embanking. Let K, A, QMB, Fig. 2670, be the 
cross-section of a railroad, consiBting partiy of a cut- 
ting QMB, and partly of an embfmkment A Q K. 
Let /= AB = DH, the bottom width, F the centre 
stamp, F = A the depth of the cutting, E M the 
sloping surface of the ground. First, suppose 
the embankment A K Q to occupy less than half 
the bottom width, as from A to Q, Fig. 2670. And 
further, suppose the ratio of the slope of the earth 
on both sides of the centre stake F to oe represented 
by thesamera^tto 1 ; that is, FN : KM :: < : 1, 
or F L : LK : : ^ : 1. Yet the reasoning upon 
which the practical rule is founded will apply to 
two different slopes of ground, from the centre stake 
F, as in the former case. When the slope of the 
ground is known, or the ratio < : 1 is determined, 
then the point Q where the slope meets the base 
is readily found; for 1 : « : : F : OQ. Or, 
QO = ht. That is, if the height h multiplied 
by £ be less than AG, half the breadth of the 

roadway, the work will be at the cross-section part cutting and part embanking 
Let the side slopes be represented by the ratio 1 : n, that is. 




BI : ID = DN : NM s HL : LE = 1 : n. 



Put DN = 07, and HL = y. 



The horizontal half-breadth F D, through F, to meet the slope of the cutting, is found as in the 
former investigation, where the slope of the ^und does not meet the roadway at either side of F. 

FD = - +-xA, which put = d. 
2 n ^ 

The horizontal half-breadth F H, through F, to meet the slope of the embankment E H, is 
easily found when F D is known, fo* 

HD = AB = 6,andHF = HD-FD = 6-(|+-^= I--, 

\Z ft Z n 

whiohput s8 = HF. 



Also, 



<:i::d+«:^4^ = NM; 



• • 114? s= — - — , 



orxss 



t ~ * ' "" n«- 1 

This result is exactly the same as that given before, for the increase of horizontal breadth in the 
ease of a rise in cutting, or a fSedl in embanking. 

1 :n::y:fiy = EL. 

which is a similar expression to that given for «; the only difference is that 8 = HF is put in 
the place of d=FD. 

Irompfe.— Let AB = 6 = 28 a ; FG = A = 4 ft. ; the side slopes 1 : 2 (BI : ID :: 1 : 2); the 
cross-slope of the ground 13 to 1 (FN : NM :: 13 : 1). Bequired the horizontal distances 
F N and F L where the slopes meet the surface. 



Again, < : 1 :: J + y : 2-ti? = EL; .-. ny = Lty, ory = 



OQ 

PD = ^ + }of4 = 16 = d: 



FH = 28-16=i2sa. 



Since n = 2, and e = 13, 



16 



= '64, and 



12 



2 X 13 - 1 ' 2 X 13 - 1 

.'. 16-64 = FN 12*48 = FL. 



= •48. 



Example,— Jn Fig. 2671, the embankment MBQ occupies more than half the bottom width, 
as from B to Q. Let AG = GB = 14 ft ; FG = 4 ft 



FL:LE::i3:i, 



HL:LE::i:2: 



as in the last example, required the horizontal distances from F to L and from F to N. 



28 
FD = y + Jx4 = 16 = d, 



FH = 28-16=12 = J. 
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Binflo A = 2, and < = 13, 
Henoe F N = 16*64, and F L 



16 



2 X 18 ^ 1 

12-48 ft 



= •64, 



and 



12 



2 X 18 - 1 



=s -48; 



utx 





Examph.— In Fig. 2672 the embankment A Q K ooenpies less than half the bottom width from 
QtoA. LetA0 = CE = 14ft.; F0 = 4ft.; 

fl:lk::i3:1; bi:id::i:2. 

Beqnired the horisontal diatances from F to L, and from F to N. 



FD = ^ + Jx4 = 16=:rf{ 



16 



2 X 18 - 1 



= *64, and 



12 



2 X 18 - 1 



Exau^.—ln Fig. 2678 the embankment QBM 
oeonpieB more than half the bottom width, from Q to 
B. LetA0 = 0B = 14ft.; F0 = 4ft. 



FHs= 28- 16 = 12 = 8. 

= •48, FN = 16-64, and FL = 12*48 ft. 

Mts. 



FL:LK.:13:l; 



HL:LK::i:2. 



Required the horizontal distanoee from F to L and 
from F to N. 



FD=^+Jx4=16=d. 




DN = « = 



FH=28-16=12=S. 

d 
-7 = •e* I 

as in the foregoing examples. 



HL = y = ^^= ^48 



FN = 16*64, and FL = 12*48 fk. 

By comparing the Figs. 2670 to 2678, and observing how the formulas 

^ =DN, andy = rT^=HL, 



X = 



nt-l^^"' " n«-l 

may be applied in every possible case, the setting ont of side stakes, when part of the cross-section 
Ib a catting and part an embankment, becomes easy 

Works relatitu to this wbiect :— Macneill, * Tables for the Calculation of Earthwork,' Svo, 184a 
F. Bashforth, * General Table for the Oalonlation of Earthworks,' 8to, 1855. D. Cuiiingham. 
* Tables for the Calculation of Earthwork xoyal Svo, 1867. Greenbank and Pigot, * Metrical 
Earthwork Tables,' square 16mo, 1867. J. G.Trantwine, 'On Excavations and S^bankmenis,' 
8voLl86a G. P. Bidder, * Earthwork Tables,' 18mo. 
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EMEBT. Fb., hneri; GiB., Schmirgei; Ital., Smeriglio; Span., Emn$ril. [See Polxshino 

AND GsiNDINOn 

ENGINE TUBNING. Fb., Trwmi au tour: GxB., Drechseln; Ital., 2bnio ad omati geome- 
trici ; Span., QuUlochi s, [See LatbbsJ 

ENGINES, VABIETtES OF. Tbu^ Machines; Gbb., Maschinen; Ital., Varieta di maccMne ; 
Span., (^aae$ de mdquinae. 

We have before stated that kindred articles, and those not complete in themselves, may bo 
traced and combined by observing the references appended to such articles: thus, all that 
appertains to Steam and the Steam-Enoinb will be found under the articles headed Boilebs, 
Detau^ or Engines Gearino, Indtcatobs, Link -Motion, Looomottves, Marine Engines. 
Parallel Motions, Fumps and PuMpiNO-E^GDnES, Slide-Valves, Stationabt Engines; and 
in the present article under the appellation. Engines, Varieties of. Steam-engines treated of 
in this place have peculiar mechanical combinations and arrangements, or they are employed to 
effect particular objects which require special notice. 

The Corliss engine, in all except the cylinder with its valves and valve-gear, is substantially 
the same as any ordinary steam-engine ; but it embodies in the arrangement of the cylinder and 
valve-gear several principles that had previouisly been used separately. 
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Villi, independent ports are nsed for admitting and for exhausting the steam at each end of 
the cylinder, with four separate slide-valves worked firom a single ecoentria 

Beoond, the steam is cut off from the cylinder by the main steam-valves, without the employ- 
ment of any supplementary valves for the purpose. 

Third, the steam-valves are opened against the resistance of springs, and a liberating gear is 
em^oyed by which the valves are disconnected and left free to be closed by the springs. 

Tourth, after the valves are closed, the springs are brought to rest without shock b^ the 
application of the contrivance known as the dash-pot^ invented oy F. £.1Sickle8. This consists of 
a small cylinder with closed bottom, in which a piston is fitted to work easily ; and by a suitable 
arrangement of openings the air is admitted freely to the cylinder while the piston is moving, 
except when it approaches the bottom, at which time a certain amount of air is imprisoned, form- 
ing a cushion to prevent any idiock when the piston actually reaches the bottom. 

Fifth, the speed of the engine is regulat^ by the governor acting on the steam-valves to out 
off the steam earlier, instead of acting on a throttle-valve to reduce the pressure of the steam. 

It is the embodiment of these several principles, and the arrangement and construction of the 
details in the mechanism employed, rather than the application of any new or untried principle 
which constituto the specif features of the Corliss valve-gear. 

Cylinders with four separate passages and independent steam and exhaust slide-valves were 
used by Seaward previously, the valves employed boing flat slides, but not worked in connection 
with any liberating gear ; and a number of marine engines were made on this plan. In the 
earlier Corliss engines, SMiward's cylinders and slides were used ; but the valve now employed is 
a cylindrical slide working in the arc of a circle on its seat, and receiving a rocking motion from a 
central valvenspindle. Although separate valves and passages were employed previously for steam 
and for exhauist at each end of tne cylinder, the motion imparted to the steam-valves Was 
invariable, and any expansion of the st^un was effected b^ the lap of the valve. The speed of 
the engine also had to oe controlled by throttling or shuttin|; off tne steam with a supplementary 
valve ; and in this respect the first step in advance is made m the Corliss gear by the addition of 
the principle of liberating the steam- valve. With the employment of liberating gear it became 
necessarv that an independent force should be available for closing the valves when they were 
detached, and for this purpose weights were first used ; but springs have since been substituted 
for the weights, because tiiey are quicker in action, effecting a sharper cut-off^ and are better 
adapted for quick working. Liberating gear for the steam-valves was indeed used by Watt, so 
that the principle may be considered alm^ as old as the steam-engine itself; but in Watt's time 
it was more frequenuy for opening than for closing the valves that the weighto used in that 
method of working were employed, and as might be expected the mechanism was not very perfect 
in its details. At that time the drop or poppet valve was used for the purpose. 

To F. E. Sickles, of New York, is due the credit of perfecting the uberating gear as applied 
to the poppet or the double-beat valves, in the cut-off gear which bears his name. In this valve- 
gear, wh](^ was introduced in 1841 in America, the dash-pot is applied direct to the valve itself 
to arrest the progress of the valve and prevent it from striking on its seat. It should be obsearved 
that there is an essential and important difierence between the use of 
drop-valves and slide-valves, in oonnection with liberating valve-gear ; 
for in the one case the dash-pot is applied to arrest the vslve itself and 
prevent it from striking on its seat, out in the other it is only required 
to prevent the concussion of the weight or spring that is used to close 
the valve. If the drop-valve, in order to prevent concussion, is made 
to fiEdl dowly just as it approaches its seat, it is evident that there must 
be a certain amount of wire-drawing of the steam ; whereas with the 
slide-valve the motion of the spring or weight which closes it is not 
arrested by the dash-pot till aft^ the valve is closed and the steam com- 
pletely cut off; hence while the cut-off with the slide-valve must be per- 
fect, with the drop-valve it must at best be to a certain extent imperfect. 

Begulating the pj^eed of steam-engines by connecting the governor 
to vary the degree of expansion, instead of throttling the steam, was ad- 
vocated, if not practised, by Watt, and many different arrangements have 
been invented and appliea for effecting this object. In the Corliss ex- 
pansion gear the governor is connected to the clips used to liberate the 
steam-vidves, and according as the pressure of steam in the boiler or 
the load on the engine varies, the supplv of steam to the cylinder is 
cut off at an earlier or later period of each stroke ; so that the speed of 
the engine is kept uniform, without the addition of any throttle-valve 
in the steam-pipe. While the steam-valves are thus controlled by the 
governor, and caused to close at an earlier or later period of the stroke 
to suit the varying conditions of the steam-pressure or load on the 
engine, the exhaust-valves have an invariable motion, and are opened 
and closed at the same point of the stroke, whatever may be the degree 
of expansion. 

The disconnecting valve-gear for working the steam-valves, as origi- 
nally introduced by Watt and applied for the purpose of opening or 
closing poppet-valves, is shown in Fig. 2674. It was usual in this 
gear to communicate motion to the valves by a rod A called a plug- 
tree, attached to some moving part of the engine, generally to the; 
bcxEim ; on this rod were fitted tappets B B, to open or dose the valves 

when moving in one direction, and when moving in the opposite direction to trip or liberate the 
catches and allow the weighto to act for either closing or opening the valves as might be ananged. 
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The dnwlng abtnra tbo ping-tree A with its tappets BB, the vbItb 0, tlie eateb D, and Iho 
earved lever B tot tripping the oatch, tha weight F for closing the TsWe, and the doah-pot (i 
for bringing the weight gradual]^ to reat when dropped. All the detaiU are mde wid olaniij, 
bat it can be seen that Uiera is in thia arrangement the gonn, ao to apeak, of the Corlin expao- 
lioDgear. 

In Fig. 2675 i« shown the arrangament of gear employed in the CBrlier Oorlisa engine* In 
America for actuating the steam-Talves ; and the oontnTance used for tripping oi liberating tha 
catch, in oonnection with a governor, to pioduoe the sudden closing of the TBives. In this 
arrangement a weight H was used, attached to a lever on the Talvo-spindle I, to mpplj the 
external foroe for closing the valve wbon tha catch K was liberated, the weight falling id a dash- 
pot similar to that in Watt's gear. Tbia plan was improved several years ago by Corliss, who 
then introdnced an arrangement in which the catches push the valves open mstead of pulling 
them, and the valvee are oloeod by long blBdE^«pnngH fitted to vibrating levers. The tripping (? 
the catch Is eOectod by oorviug op the booh end at K, and this end when moving forwards oomea 
into contact with a plate L, whioh is acted on bv a tod BI oonnooted with the governor ; the rod U. 
oarriea an inoline, vhiob raises or lowers the plate L according to the obangee in poeitioo of the 
governor balls, ao that when tha plate is lowered by the govomor bells flying out in conaequenoe 
of excess of speed, the catoh K is tripped sooner, ajid reduces tho supply of steam to the engine 
by oulting off the steam earlier. A few engines fitted with this arrangement of gear were made 
in this oountry soine jews ago, but the plan appears to have since fallen into disuse. 




The present improred oonitniotton of tha Corliss engine is shown In Fig. 2876, whieh is a side 
devation of the cylinder and valve-gear of a small horiiontal engine made by HIek Hargreaves 
•od Co., of Bolton, for the Boyal Arsenal at Woolwich, from designs by Williani In^is. This 
•nglne, which baa I2-in. cylinder and 2-ft. stroke,worksBt 100 revolutions per minute. The cylin- 
der il shown in tianfverse section in Pig, 2677, and in longitudinal section In Fig. 267S. The 



tteam-valvea A A are placed on the top of the oyltnder, and the eihanst-valvee B B at the bottom, 
■epanite pipes lestdlng from them at eaoh and of the oylinder. The steam-valvee are closed by a 
qoing daih-pot CQ whioh pnlla npou eaott valve-rod as it ia drawn oat; and the libenliiig gear 
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oofnsists of a pair of side spring-dips D D, which are released bj the rocking of a double toe-lever 
E E. and then ^low the steam- valve to be dosed by the action of the spring the spring-dips and 
toeJever, and the valve-gear generally, are similar to those afterwards described in the Saltaire 
engines. The valves are cylindrical on the face, being similar in action to ordinary slide-valves, 
but working upon a cylindrical instead of a flat face* the valve face is a longitudinal segment ox 
a cylinder, having recesses on its inner side, into which drop the projecting arms of the valve- 
spindle, so that the valve is moved by the partial rotation or the spindle in opposite directions 
alternately. The pressure of the steam on the valves tends to press them up to the face, only 
when the ports are dosed; so that when the ports are opened, the valves move with practically no 
friction from the steam-pressure, and thus the pull required to dose the steam-valves is small, and 
is practically independent of the pressure of the steam. 

The cvlinder is steimi-jacketea both on the bod v and on the ends ; and an Imixrovement in the 
construction of these cylinders has recently been introduced by the writer, considerable trouble 
having been experienced in getting the jacketed cylinders suffidently hard when cast in one piece, 
on account of the risk from cracking if cast with hard metal, and also in consequence of the anneal- 
ing process that takes place during the ooolin^^ of the castings. The improvement consists in 
making the cylinder ana valve-chest in four distmct pieces, with flanged face-Joints F F to connect 
all together, as shown in Fig. 2678. The cylinder ana the steam-jacket are two concentric castings, 
fitting one inside the other, with a flange F F upon the iacket only ; and a separate casting at each 
end forms the valve-chests above and below the ovltnder, with a ring connecting the two valve- 
chests ; the end of the cylinder is fltted into this nng, and the cylinder cover is used upon it, all 
the fitting surfaces being turned and bored. The separate castings are thus rendered ouite simple, 
and can be made of any degree of hardness without risk; while the fianged face-joints provide 
security against leakage, much better than If the inner cylinder were simply let in, with slip 
joints parallel to its bore. A saving of time in making can also be effected, as the work on the 
separaro pieces can be proceeded with In several machines at the same time. 

Figs. 2679, 2680, show a front and side elevation of one of the new cylinders with the improved 
Corliss expansion gear that have recently been erected at Saltaire by Hick Hargreaves and Co., 
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from designs by Wm. Inglis. The engines are beam-engines coupled together, with 50-in. cylinders 
and 7-ft. stroke, working at thirty revolutions per minute. There are two pairs of engines to be 
replaced, four cnrlinders in all, and the new cylinders have been put in place and now completed 
for one pair, ana are the same size ; the previous cylinders had double-beat valves actuatea by a 
oam-motion. Figs. 2681 to 2683 are vertical and horizontal sections of one of the cylinders, show- 
ing the valves. The cylinders and cylinder covers are steam-jacketed ; and the valve-chambers 
are cast with the cylinders. The steam-valves GG are in front and the exhaust-valves D D at the 
back of the cvlinder, and the valve-gear is placed on the sides of the cylinders between each pair 
of eng^es. The steam and exhaust passages E E are cast separate from the cylinder, and pro- 
vided with expansion Joints F F, shown in section in Fig. 2681. The valves are cylindrical on the 
face, similar in construction to those of the Woolwich engine previously described. All the four 
valves are opened by the eoeentrio rod T, Fig 2680, acting on an oscillating disc X)j to which the 
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« oonnectod fajntda: the exhaiut-valvaa DD ueKlnokaed b? the 
Itss CC we nleaaed, uid uo cloeed b; ui ftir^eprin^ P. The ' 

Bteun punee ia nmilu in nuke to the iteun-Talvu, &nd ' 

to regnkte the nppl; of iteam 



nlTea CC we nleaaed, uid uo cloeed b; ui ftir^epriDg P. Tte etop-valre O ii. 

un-Tolvu, end ia oponM hj ft worm and vona-vheel 
but itou) be closed niddeDl; on lut j enwigenoj bymMBaofthe 




]«Toi-bMidle H, which U kejed 
upon the Tslre^tindk, Mid U ceo- 
nected to the worm-wheel by * 
detent thftt ottn be initHitl; duen- 
gsged, the worm-wheel being looae 
npoa the Ttklre-epindle. A anull 
anxilianr oonical atop-Talve I 

Xned by a Krew banille la em- 
jed for turning on the itcam 
gimdnall; kt itarting, to Telle*e the 
preanire on the miln (top-Talve O. 
The ooortniotion (f ttie Ub«mt- 
ing TBlre-rod introduced by Spenoer 
and Inglia, Tor the diBeDga^fiiu ge*i 
to releue theiteun-TalTee, ii umwh 
in Figa. 26S4 to 2eS6. TheTalro- 
rodiadlTided lDtotwoportioiii,one 
aliding ateadily within theother at 
the cyliudriMl part AA; end the 
two are held tc«^ther by tiie pair of 
•pring-clip* BB fixed on one por- 
tion, which rert on ooneaponding 
■houlden GO on the other portion 
of the T»Ive-rod, The olipa ara ra- 
Iceeed by the donble toe-lerer D, 
which roeki npon a traniTerae 
centre pin, and ia ahown in iti two 
extreme poaitloni In Figs. 2684, 
2685 ; the onter end E of the arm 
of the toe-lever being held by the 
rod L, thowu In the general draw- 
ing, Fig. 2G80, the toe-leTer D ia 
made to rook in each stroke of the 
valre-rod, and the particnlar point 
of the ttroke at which the toe-lever n 
BB ia detennined by the poaition 
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bat 1b acted on direct bf the goTsmar Ihnmgh the tod L. By tbia meaiu &I1 changes in pomlion 
of tbe goTomor bulla prodnce ooirGsponding choogM at the same time in tho position of the 
fnlcnun upon whioh the toe-Ievei acts, oansing the Teleeec of the Bpring-clips to be enrliec or later 
In the Htroke, according as tbe speed of the governor la greater or less than the correct tate, and 
thus regnlating the eogine hy cutting off tho steam earlier or later aocordiogly. The disengaging 
rods LL from tbe two steam-valves are coupled together by a pair of toothed segments MM, 
■bown in Fig. 2680, and also In the enlarged drawing, Fig, 2687 ; and the rod If, Fig. 2680, con- 
nects these with the goTemor. The spring-clips B B fall upon leather faces O O, to prevent any 
blow in cIosiiiK : and the engaging edges of ths clips and the ahoulders are hardened steel faces 
let in and readily renewable. 

The air-spring dash-pot P for this gear. Fig. 2680, is shown enlarged in Fig. 2687, one half in 
section. It oonosts of two cylinders, one within the other; the large cylinder has a loose-fitting 

piston R B, and tbe small 

^linder a trunk piston 

8 S fitted with laetallio ^ — TH^ 

packing; the iiDde>^de ^ ^^S 

of this trunk pLstonis in 1 — I^^H 

connection with tbe coa- 

densor. The pressure of 

tbe atmoepbere is there- 

foie oonstautly preMinf 

the KUkll piston in, an( 

this feniu the spring for 

InalHilly doting tbs 

' Bteam-nilTe when lib»- 
iftted from tbe clip-rod ; 
the large piston B is 
Oonpled to the small one 
8, and acts as a dasb-pot 
to prevent concussion in 
dosing tbe Bteam-valve, 
as the air below tb 
loose-fitting large piston 
B has to be driven out at the moment of dosing tbe valve. 

1^ AtlsnEngiM and Qowmor. — 0. Porter, in tbe Proceedings of I. H.E.,jnatlyobeerre9 that tho 
prindpal objects to be aimed at in carrying ont expansion in a steam-engine, so as to effect the greatest 
eoonomy, may be stated to be ; — tbat the full btuler-pressure should be carried into the oylindet at 
the oommenoement of tbe stroke, and maintained up to the point of cnt-off ; — that the ontKiff should 

, be sbari^ witbont reduction of the Eteam-pressure by wire-drawing ; — and that tbe exhaust should 
be invariable, allowing tbe steam-pressore to act to the end of tbe stroke with all degree of expan- 
don, and disohaiging the eteaoi with tbe least loss from haek pressure daring the return stroke. 





Tbe attainment of these objects has generally been oonsiderod praoHoable only by ntMnsof some 
Hnd of liberating valve-gear, in which the Talve is released from the gear when wide open, and is 
closed suddenly by a spring or by the action of gravity, so as to avoid the rednotion of prennre by 
Wii»4MwlDg, which ordinarily takes place through the gradual dosing of the steam-port byasUde- 
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vftlvo Torked vith a nmtinuoiu motiim. Many Ingenloua oonstraotiona of libentiDg Talve-gear 
have boon invented for effecting this object ; and amongst them the Corliss engine, jiut dcMribed, 
haa been found to acoompliHh the desired end very aQooeaafullj. 

In the Allen coginc, however, tbe precediog requirements are mot b; a direct oontinnons action 
of the slide-valves, which gives a sharp cut-off to the steam admitted at full boiler-presaure, and a 
high range of cipansion, together with a very free eibauat. At the same time this arrangement 
obviates the objection attending the principle of a liberating valve-gear, namely, that the speed at 
which the eneine can be workeil is limited by tlie ciroumstanoe of tbe valve having to be diaoon- 
Deotod from the driving gear and ooaaected again at each stroke of tbe engine. The Allen engine 
admits of being worked at a very high speed, much higher than is usual in stationary engines : and 
it maintains complete steadiness of motion at this high spaed, combined with a groat uniformity in 
the driving power tbroughoat each revolution, although the steam is admitted at an unusually high 
prcBaure at the commencement of the stroke. 

The engine is represented in Figs. 2<i8S, 2G89, which show a side elevation and plan of an 
engine with cylinder of 12 in. diameter and 'H in. stroke. This engine was employed at the works 
of the Whitworth Company, at a constant speed of 200 revolutions a minute, or 800 ft. a minute 
speed of piston, driving a considerBble portion of tbe machinery in the works; and a similar engine 
was worked at tbe Paris Elihibition, running at the aame speed. The engine is horizontal, flzed 
upon a bed-plate, and working an air-pomp direct from the piston-rod, which is prolonged through 
the outer end of the cylinder. The slide-valves are worked by a link-motion, which is controlled 
entirely by the governor, giving a variable degree of elpsnsion according to the amonnt of work 
to be done by the engine; but the steam is always admitted to tbe cylinder at full boiler-presaure, 
without pooing through a throttle- valve. 

Valt/eaaadvalvf-Motim. — The steam slide-valves are shown in the loogitudinal and tnuuTerse 
•eotioDB of the oylind^, Figs. 2690, 2691. The steam-valves are independent of the extaanst- 



. « for each port. The two steom-valvM E E are jnt. 

driven with separate motions^ independent of each 
other, BO as to eflect a sharp cut-off at each end 
of the cylinder by tbe rapid motion of each valve 
at the point of cloBing tbe port: the motion of one 
valve being rapidly aooeler&ted at the point of cut- 
oCatthe same time that the other valve is greatly 
retarded. Eaoh steam-TBlve consists merely of an 
open rectangular fmme sliding between two paral- 
lel faces, which are fixed, so that tbe valve is in 
equilibrium and its motion is not affected by tbe 
pressure of tbe steam. Tbe outer face F, against 
which the book of I be valve b1 idee, is a rigid plate 
bridging across tbe port and fixed down solid to 
the port face; and it is adjusted so as to allow the 
valve to slide freely, but with so good a fit as to be 
steam-tight. The travel of tbe valve in opening 
extends beyond the two faces, so as to admit the 
steam to the port al four places aimullaneously. as 
shown in the separate diagram*, Figs. 2700, 2701, 
in which the length of the valve-rods and the 

distance between the valves are shortened for conventenee in the diagram. In Tip. 2700 the steam 
is shut off from the nearer port ; and in Pig, 2701 the farther steam-valve is shown at Iho point of 
opening the port, just previous to the commenoement of the stroke, the crank being at (hat moment 
in tbe position shown by the dotted line. 

Id order to roatntaio the proper working of thew valves, the back pUte F, Flgt. 2G90, 2691, to 

4x 
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made Tei7 rlgtd, m m to prerent any yielding under the prasEnre ot the Bteem : aod the entire piste 
with its Bide supports being aunounded by the steam ia ooneequently exposed to the same ezpansioD 
(U the ettde-valves In order to provide the lueana ot adjuatment in oaso of any wear, a packiiig strip 
ia inserted oQ eiich side between the back plate and its side aupporta ; bo that bj reducing the thiok- 
noss of these packing strips the two faoea can be readily let together at any time to St the slide- 
valve. The wear is found however to be so exceedingly sUght, on account of the abs^ce of preaauza 
on the rubbing surfaces, that tbeie ia no probability of any adjustment being required ofteuer than 






The exhauat-vslvee G G are alao two separate valves, ns shown in Figs. SA90, 2691, and in tho 
diagram. Fig. 2702 ; but they move together and are driven by the same valve-rod. These slide- 
valves are of the ordinary form, and work in separate chambers, belweeti the steam-valves and the 
cylinder ; tlkey travel beyond the port face, so as to open for the exhaust at the two edges simul- 
taneotuly, Aa the stesnt-valTso, however, open at four pkww Bimaltaneou^y, the esbanst-valves 
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are mode of neorl; double tho width, utBhown in Figs. 2G91 and 2G93, tn order to give a oorrespond- 
ingaiea of opening; and the extent of their motion is such aa togife an areaof openingfoireleaBO 
of the ateam more than donble the largest itrea for admiaBjon. Theeo valvee vark in eqnllibriiim 
through meet of their attoko. 




AUhoDgh there an thai fkmr Mpuate nlve* tot the ateMn and eibanat, the nurtinn of all of 
tbem ia obtoined bom a noete eeoeaXrie, wbinh ia fixed od the oraiik-abaft in the aame position m 
the eimnk, and withoot aoTleMl, as sbowu in (he diagnm, Fig. 270S. The eooentrio ii ahown lo 
Fiffi. 2697 to 2699, and ha« a onrred alot In om aide of the atrap, which acta aa the expanaioD-link : 
and it la guided in ita motion br being ooiuieeted to the npper end of the TibiBting lerer H oentied 
belmr. iW nlve-rods, I and J, ue oonneeted to the wme alide-blook in the linh, and attached at 
the other end to two aepuate bell-crank leren npon intonnediats rackiDK ahafta, aa ahown in the 
diagmma, Piga. 2700, ^01. One of theae reeking ebafta ia made tnbnlar, with the second running 
through it, aa shown at K, in Figa 2G9a 2699, ao that the two ahafta work independently of each other. 
The aecond arms of the two bell-crank lerera are oonneoted respectivelj to the two steam-Talvea, 
FiffB. 7700, 2T01. The alide-block In the eipanaion-link is carried b; two aide iinks from the arm 
of the eovetnor, aa ihown in Fig. 2688, ao that ita poaition ia legnlated entirel; by the gaTemar, the 
block being lowered to aa to ont off the ateam earlier whenever the goremor bail* begin to fi; out 
in mweqnenoe of any inoraaae of Tekdtr. 

4 X S 
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Tha nwtion of the eihauBt-vftlvee is iuvarioble, and they are connected direct to a point I^ 
Figa. 2697 and 8599, bevond the outer end of the link-slot. A greater travel U thereby given to 
the exhaust- valVM, aa sDown in Fig. 2702, than the greatoat travel of the stoam-valves ; and this 
tDotiiin is oontinued the eame daring every change of expansion produoed by shifting the slide- 
block fnan which the steam-valves are moved, so that the oihaust oontinuee ei^ ually free with every 
degree of eipanition. Tha point of connection to the link in so placed as to give the required lead 
to the exhaust-valves, and is arranged beforehand to suit the intended apeed of piston. Tbs 
eihaiiHt -valves are driven through an intermediate rooking uhaft M, Fig. 2U99, for reversing the 
motion obtained from the eocentrio : and a pair of valvc-ap indies are used, one at each edge of the 
two valves, as shown in Figs. 2U91 and 2693, and working within the intermediate exhaust-port. 
Pig. 2690. The spindles are guided at each end, and each valve is connected to them by two studa 
fixed in the valve, which fit into ^ts in the apindlee, working clear within the opening of the porta, 
Figs. 2690, 2691, and 2TD2. In the case of the steam-valvea, as the two valves have independent 
motions, the spindle for driving the farther valve peases free through a short tube in the lower aide 
of the nearer valve, Fig. 2691 ; the two spindlee are made to clear eaoh other by the valvea being 
placed out ol line with each other, as shown in the elevation of the steam-port faces, Fig. 2692 ; 
the spindles are kept central in each of the vulvea. 



:..A' 




AD the valves are readilj aooeadble by simply ruooring the nnts of the si . . 

Figs. 2f^, 2691, as the steam-chest is not cast solid upon the cylinder, but is a separate rectangular 
frame O O, fitted down with a ecniped joint on both faces, ana secured by the same through-bolti 
that fix the cover N. This cnnetraation bos the important practical advantage that the steam-chest 
can be entirely removed, and all the port faces can be readily got at like plain outside anr^ces. 

In this valve-motion the proportion between the throw of the eocentrio and the length of 
ecoantrio-rod, or tlie diatanoe from the centre of the eccentric to the centre of the link, is made the 
same as the proportion between the main crank and the onnnecting-rod, which in this engine is 
1 to 6, or the length of connecting-rod is three times the stroke. Consequently as the occentrio is 
■et exactly to oorrespond in poeition with the crank, tha angular vibration of the one compensates 
for that of the other, and an exactly oorrect vatvc-motion is obtained, giving the same results for 
each end of the cylinder. A considerable difference often exists in tha indicator figorea taken from the 
oppoBite ends of a cylinder, in oonsequffloo of the discrepancy between the motions of the connecting- 
rod and the eooentric-rod ; and the difference in speed of piston dnring the Hrrt degree of rotation 
of the crank at the extreme opposite ends of the stroke amounts to 2g per cent <if the higher speed 
when the connecting-rod is sis times the crank. 33 per cent, when five limes, and 40 per cent, when 
four times Uie ci«uk. In suob caaea, theiefore, the point of cat-off in not the same in tlio two strokes 
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of the piston ; but in tbd present engine the two strokes are identical thronghont, in oonsequenoe 
of the eooentrio and connecting rods having exactly parallel and simnltaneons motions. 

The connection of the expansion-link to the steem-Yalves by the intcomediate bell-crank levers 
introduces in effect a toggle-joint movement, which has the important advantage of allowing the 
length of the valves to be reduced very considerably, because more than half of the lap or useless 
motion of the valves after having covered the ports is dispensed with by their motion being greatly 
retarded at that time ; whilst the opening for steam admission is correspondingly increased oy the 
motion of the valves being accelerated at the opposite extremity of their travel. This variation in 
the motion is shown by the diagram of the link-motion in Fig. 2703, and also in Figs. 2700, 
2701, together with the varying angular motion of the bell-crank levers on the rocking snaft, the 
reference letters indicating corresponding positions throughout. The result ia seen to be a very 
great range or variation in the motion of the valves, giving on the one hand a wider steam opening 
and a shaip cut-off with high decrees of expansion, and on the other hand a very slow motion of 
the valve auring the time that it is simply retaining the port dosed. The whole action ia obtained 
with a continuous and perfectly smooth motion throughout. 

In the adjustment of the centres of the link-motion, the centre of the supporting lever H, 
Fig. 2699, is slightly lowered, so that its upper end vibrates entirely below the centre line, as 
shown in Fig. 2703, in order thereby to equalize the extent of tipping of the link at the two extre- 
mities of its vibration. This gives a slightly increased lead to the steam-valve opening at the 
farther end of the cylinder, where the motion of the piston is the more rapid on account of the smaller 
arc of rotation of the crank ; but the point of cut-off of the valves is exactly the same at the oppo- 
site ends of the cylinder for each degree of expansion, and the point of cutoff can be varied from 
•^ of the stroke to the very commencement of the stroke. 

For the purpose of obtaining the full benefit of expansion, it is requisite, in addition to having 
the full boiler-pressure in the cylinder and providing a sharp cut-off, that superheated steam should 
be used, in order not. only to prevent water from oeing carried over into the cylinder with the 
steam, but also to prevent anv loss arising from the freshly admitted steam becoming condensed 
in the cylinder by contact with the cylinder surface which has been cooled in the previous expan- 
sion. About 50° Fahr. of superheating is found desirable ; and this proves a more efficient mode 
than steam-jacketing, because the superheated steam on admission into the cylinder supplies heat 
to the very surfaces that have been cooled by exposure to the low-pressure expanded steam. 

Speed of Piston, — One of the objects aimed at in this engine is to work at speeds considerably 
higber than those ordinarily used in any but locomotive engines. For the following reasons it is 
considered that the speed of piston should not be less than 600 ft. per minute ; but these engines 
have been worked continuously at the higher speed of 800 ft. per minute with complete success, 
and it is believed that still higher speeds may in some cases be employed with advantage. The 
valves and the whole of the working parts are so well adapted to maintain a high speed, that the 
practical objections which ordinarily limit the speed of piston to lower rates do not apply in the 
case of the present engine. 

The prinoipcd object in adopting the hi^h speed of piston is to obtain a sufficient reciprocating 
force in the moving parts for belancmg the initial force of the steam tfpon the piston when admitted 
at full boiler-pressure at the commencement of the stroke, so as to relieve the crank from strain on 
passing the centres ; and also to equalize more fully the driving force upon the crank during tbe 
entire stroke. At the commencement of each stroke, an accelerating force is required sufficient to 
put in motion the mass of the reciprocating parts at the velocity at which the piston moves from a 
state of rest ; and the speed of piston is adjusted so as to make this required force as great as the 
actual full force of the steam upon the pibtou when admitted at the boiler-pressure, so that the two 
forces are in equilibrium at that point and the crank-pin is thereby relieved from strain when pass- 
ing the centre. This accelerating force imparted to the piston at the commencement of the stroke 
is given out again during the retardation of the piston m the latter half of the stroke, and thus 
compensates for the diminishing driving for^ of the expanding steam, nnd acts to equalize the 
driving power upon the crank. A similar action takes place in all engines, but at the speeds of 
piston ordinarily employed its extent is too small to produce any material effect ; and it is only 
with a high speed that the effect becomes important, since the force required to put in motion or to 
stop the reciprocating parts increases as the square of their velocity of motion. Where a high 
speed is combined, as in this engine, with an unusual weight of the reciprocating parts and a short 
stroke, the inertia of these parts acts as a powerful reciprocating fly-wheel to equalize the driving 
power of the engine throughout the revolution of the cnuik. 

In the present engine the weight of the reciprocating parts is 470 lbs., the cylinder 12 in. 
diameter by 24 in. stroke, and the number of revolutions 200 per minute, or one revolution in 
0'3 second. Taking the motion of the piston in the first degree of revolution of the crank at tlie 
commencement of the, stroke, the extent of motion will be the versed-sine of an angle of 1° with a 
radius of 1 ft., or 0*000152 ft. in the time of ^^ of 0-3 second, or -^^ second ; which is equiva- 
lent, as regards the accelerating force required to produce it, to a motion of 219 It. in one second, 
the space passed through under a uniform accelerating force being in proportion to the square of 
the time. This motion of 219 ft. in one second is 137 times the effect of gravity (16"08 ft. in oile 
second); and consequently the force required to impart the velocity amounts to 13*7 times the 
weight of the reciprocating parts (470 lbs.), making a total force of 6439 lbs., which is equal to a 
pressure of 67 lbs. per square inch upon the area of the 12-in. piston. It follows, therefore, that 
the steam at the full pressure of 57 lbs. may be admitted suddenly to the cylinder at the com- 
mencement of the stroke, without causing any strain upon the crank-pin; and indeed this full 
pressure is absolutely required upon the piston at that moment, in order to prevent a strain in the 
opposite direction upon the crank-pin from the inertia of the reciprocating parts. .... 

For carrying out a high degree of expansion a liigh speed of piston is essentially requisite, m 
order that a sufficient amount of equalizing effect may be obtained from the inertia of the re- 
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ciprocating parts, to oompeiiBate for the extreme variation in steam-pr^Bsnre which is consequent 
upon an early cut-off. Indeed, in consideration of smoothness of running, the engine should be 
run so fast that the driving force produced by the highest pressure of steam eannot exceed the 
inertia of the reciprocating parts ; and then a knock upon the centres becomes as impossible as it 
would be in a revolving sling. 

A high speed of piston is also advantageous on aooount of the reduction in size of engine 
required to supply a given amoimt of power, whereby an important saving in space and co^ is 
effected; and also on account of the increased uniformity of motion obtamed with the higher 
speed. Taking the case of a single engine in place of a pair of coupled engines running at half 
the speed, the strokes are as frequent as those of the pair of engines, while the inequalities in the 
rotative force are not much larger, owing to the great equalizing effects of the inertia of the re- 
ciprocating parts at the high op«ed. Moreover, as the regulating power of the fly-wheel increases 
in proportion to the square of the number of revolutions in a given time, the same wheel has four 
times the regulating power when run at double the speed. 

The practical objections generally considered to apply to a high speed of working are, increased 
wear and tear, risk of hot bearings, cutting of the cylinders and pistons, and shakmg loose in tho 
fixings. But instead of any difficulties of this kind having been experienced, this engine runs 
smoothly and quietly, without tremor and without warming in the beanngs, running continuously 
without reouiring attention, and showing exceedingly slight wear in the cylinders, valves, and 
bearings. This result has been attained simply b^ good mechanical construction and workman- 
ship; avoiding any unbalanced action, overnangmg strains, insufficient stiffaess of framing, 
inadequate beeiring surface, or want of truth in workmanship. Unless all these conditions are 
carefully attended to, high speed is oertainlv not practicable; but when they are thoroughly 
carried out, no difficulty is experienced in working at any desired speed. 

In the previous consideration of the effect produced by the inertia of the reciprocating parts, 
this has bc^n taken as the same at each end of the stroke ; but in reality a considerable dSTerence 
is caused by the angular motion of the connecting-rod at the two ends of the stroke ; and the actual 
motion of the piston during the first degree of rotation of the crank, instead of being 0*000152 ft. 
at each end, is 0*000178 at the outer end of the stroke, and only 0*000127 at the inner end. 
Consequently, from this approximate mode of calculating by the difference in motion of the piston 
during the mrst degree of rotation from each end of the stroKC, the pressure on the piston required 
to bakince the inertia, instead of being 57 lbs. an inch at both ends, as named before, would be 
66 lbs. at the outer end and 47} lbs. at the inner end. In the case of inverted vertical en^es, 
the weight of the reciprocating parts acting vertically tends to equalize these amounts, by belDg 
added at the outer or upper end and deducted at the lower end. For this reason, and on account 
of the more correct support of the cylinder and the absence of overhanging strains, that form of 
engine seems preferable for the highest speeds. 

Condenser and Air-Pump, — In the arrauffement of the oondenser and air-pump the object has 
been to meet the difficulty of combining tne advantage of a simple direct-acting air-pump with 
the very unusually high speed of working, 200 revolutions per minute. This h \s been effected 
with complete success by the construction adopted ; a vacuum of 27 in. of mercury is maintained 
with great steadiness, and the air-pump works quite quietly and without noise at the full speed, 
and keeps thoroughly in order without requiring any attention. 

The air-pump, as shown in Figs. 2688, 2689, and in the transverse section. Fig. 2694, is a 
nearly cubical box filled with water, with a plunger working through a stuffing-box in the lower 
part ; the plunger is attached to the piston-rod and forms a continuation of it. The end of the 
plunger is made of a parabolic shape, as shown in Fig. 2688, for displacing the water easily: and 
the plunger works entirely immersed in the water, simply displacing its own bulk of water at 
each stroke. 

The inlet &nd outlet valves are all placed in the top plate of the box in two parallel rows, 
three inlet-valves in one row and three outlet-valves in the other, as shown in the plan. Fig. 2689. 
They are india-rubber disc-valves with 8 in. diameter of opening. Fig. 2694, and slide parallel 
upon their centre spindles without any bending of the india-rubber, being fitted with a metal 
plate and a long centre bush to guide the discs steadily in opening and closing, and to prevent 
any wear upon the edge of the india-rubber. The lift of the valves is about } in. ; and in order 
to obtain a quick action in closing they are closed by spiral springs, which load the valves to tho 
extent of i lb. per square inch. These springs are found necessary upon the outlet-valves as well 
as the inlet, in consequence of the quickness of the action required to close them 200 times per 
minute ; and it was found that even at the speed of 120 times per minute there was a loss of 1 lb. 
per inch in the vacuum when the springs were not used, from the valves not closing promptly enough. 

The condenser forms one half of the chamber above the air-pump, and the hot-well the other 
half, as shown in Fig. 2694. The injection is introduced by a single opening in the centre of the 
condenser, with the full area of the pipe, in order to avoid any risk of the injection-opening 
getting contracted by accumulation of oeposit in a spreader or rose; and it has been found that 
no perceptible difference is caused by this arrangement in tiie vacuum obtained with the injection. 
In consequence of the position of the valves in the top plate of the air-puinp chamber, the air 
entering from the condenser does not pass through the wat^, but simply passes over the surface 
of the water from the inlet to the outlet valves : and the water rising up to the outlet-valves at 
each stroke ensures the discharge of the whole of the air. As no air gets to the lower portion of 
the air-pump chamber, the plunger works always in solid water, avoiding any churning action 
of mixed water and air ; and indeed the elective piston of the air-pump may be considered to be, 
not the plunger, but ^e surface of the body of water that always remains in the air-pump chamber, 
which rises and falls at each stroke of the pump through a distance of less than 1 in. The 
working velocity of the air-pump piston is therefore reduced in effect to only about 30 ft. per 
imnute, instead of 800 ft. per minute, the actual velocity of the plun^r. 
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For the pupOBe of facilitating the rasBage of the air from the inlet to the outlet valves, the 
fonner are set at a small inclination below the horizontal position, as shown in Fig. 2694. The 
arrangement and nosition of this condenser and air-pump are very convenient for access to all 
the parts, the whole being above ground and at the level of the engine. It is held steady in its 
position by a connecting-tie to the frame below and by the fixing of the e?Lhaust-pipe above ; and 
it serves as an additional guide for the smooth working of the piston-rod beyona the cylinder. 
The weight of the plunger moving at the full velooitv of the piston serves also as an important 
addition to the compensating action of the inertia at the commencement and end of each stroke. 

Govemor.^JTlie expansion-gear of the engine is regulated entirely by the selfnicting movement 
of the governor, Figs. 2688, 2689; and for cairying this plan out satisfactorily it is essential 
to have a governor that ia extremely sensitive to any change of velocity, and acts with great 
promptness upon the expansion-gear, with power sufficient to shift it instantly to the full extent 
required. The governor used for the purpose has been designed by the writer as a modification 
of the OTdinary Watt centrifugal governor, with the view of increasing its sensitiveness and quick- 
ness 01 action, and adding to the power available for overcoming the resistance of the valve- 
motion. This resistance is, however, reduced to a very small amount in the present engine, on 
account of the valves being in equilibrium. 

The governor is shown in Figs. 2685, 2696, and consists of two revolving balls of small 
size, but moving at a high velocity, which pull up a heavy central weight when they rise in con- 
sequence of an increased velocity of revolution : the balls are onlv about 2 to 8 lbs. weight, but 
the central weight is tiom 50 to 300 lbs., according to the size of the governor. The connection 
of the radius rods to the centre spindle is made with forked ends, havmg considerable width of 
fork, as shown in Fig. 2695, and fitting upon a pin which passes through the axis of rotation, 
Fig. 261)6. The friction which opposes the rise and faU of the balls is thus reduced, by the 

{treasure upon the pin at the joints of the rods being diminished i^ consequence of their increased 
overage ; and the sensitiveness of the governor is thereby increased, its motion being much less 
than that of the ordinary governor. 

With the very heavy revolving balls employed in the ordinary construction of governor, a 
large amount of resistance is opposed by their inertia when thev are required to act, by rising or 
falling, on the occurrence of a change in the velocity of revolution. A serious piessure is also 
caused on the joints of the radius rods when the inertia of heavy balls of 1 cwt. each has to be 
overcome in craer to accelemto their motion ; and the friction caused by tlUs pressure on the 
joints prevents the change of position of the balls until a sufficient increase of velooitv has occurred 
to accumulate force enough for overcoming this resistance. The engine is thus allowed to vary 
considerably in speed ; and the baUs of the governor are tiien liable to fly out too far, causing too 
great an action for properly regulating the speed of the engine. In the present governor the 
revolving balls, being of very small weight, oner little resistuice by their inertia to any change, 
and they rise or fall instantly when any change tcJces place in the speed of revolution of Uie 
engine. Their centrifugal force is made up to that of the ordinary heavy balls by their increased 
velocity of revolution, the centrifugal force increasing as the square of the velocity ; and they are 
driven at a speed of from 320 to 400 revolutions per minute. 

This goveznor is liable to the same objection in principle as the oidinanr Watt centrifugal 
governor, namely, that it can only regulate the engine for a variation of load bv maintaining a 
corresponding change of velocity in the engine ; but in this governor the action is so mudbi more 
sensitive and extended than in the ordinary governor, that this objection is practicallv got rid of. 
It is found to regulate the speed of the engine with certainty within the range of 2 per cent, 
variation of speed, with the greatest extent of variation that can occur in the load : anda varia- 
tion in speed of 5 per cent, would carry the governor through its entire range of action, and shut 
off the steam from the engine. In practice the steam stop-valve is always set wide open, and the 
engine runs under all circumstances with complete steadmess and uniformity of motion, without 
requiring any attention ; and the most sudden and extreme changes of load do not afiect its 
motion perceptibly. 

Special Corutructicn, — In practically carrying out the high speed of working that has been 
adopted in this engine, special attention has been required to ensure the rigiditv of both the 
stationary and the moving puts, to balance the forces of the moving parts, and to obtein a large 
extent of hardened rubbing surface, with perfect truth of form in the wearing parts. When due 
attention is paid to these points, it is found that there is no practical difficulty attending the 
employment of the high speed ; and the objections ordinarily felt to it arise really from imperfec- 
tions of constructibn in these respecte. 

For the purpose of obtaining the required rigidity in this engine, the base-plate is made a 
hollow casting of great stifihess and unusual depth, and the centreline of strain of the engine is 
brouffht down very near to ito surface. The cylinder is bolted to the end of the base-plate, and 
is hcdd all round the circumference of its inner end ; but it is left free from the base-plate through- 
out its entire length. The object of this arrangement is to leave the cylinder free to expand and 
contract, without the tendency to distortion which arises when the cylinder is fixed down 
throughout one side to a cold base-plate, whilst kept heated along the other side by the steam- 
chest. The cylinder thus preserves ito parallelism when at work, so that a deep and well-fitted 
piston can be used ; the piston employed is a plain hollow block, turned a cloee fit to the cylinder, 
and fitted with two Ramsbottom rings. The result is that, instead of the injurious wear often 
experienced in horizontal cylinders working at the lower speeds, the cylinders of these engines 
are fbund to be always in a polished and greasy condition, and their wear is inappreciable. 

In all the working parte of the engine the bearings are made both unusually lon^ and large 
in diameter, and bv this means the pressure per square inch on the bearing surfaces is dimimshed, 
so that a thicker film of oil is maintained between them, reducing the coefficient of friction. The 
•moothneis of running is thus increased also, by avoiding the ii\^urious effeoto that arise tttaa tho 
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beulnf^ not hBTiDg miflflieiit rigidity to reeist flexure or toraion. In oil the bearinga specU 
care ia taken to obtain perfect tmtll of fonn, which ie a point of great practical inportince ; and 
ir properly formed bqiI hardened, those bearings ahould not be sobjooted to we»r atall. The 
difference in working ia remarkable between a true cylindrical form and aneh an appi 
■ produced by tuniing in a good lathe. When a truly cylindrical joumd 



h an approximatioQ 

>e produced by tuniiag in a good lathe. When a traly cylindrical jotuDal or pin has 
been produced by the operation ot grindhig with a traveraing wheel, in dead centres which have 



themselves lieen ground to tme conea, mch a cylinder, if it has eufGdent eurfaoe and rigidity, and 
ia fitted in proper bearings, floats In an oil bath, being separated from the bearings at every point 
by a film ol oil of esoetlj naifoRn thickaees ; this film cannot anywhere be broken, and having 
scarcely any dispoiition to work oat, wilt last without renewal for a great length of time ; and 
the coefficient of friction under presmre Is thereby greatly diminished. This trnth of form is 
really easy of attainment, and if its value were folly appreciated, it would certainly be obtained 
'n general practice. 

M, Wtlson'i Direct-acting Ettgiiu. — This engine la ipeoisUy designed for the purpose of siyiplying 




the enginee will be readily nnderetood b; reference to Fig. 2706. which ia a loneitndinal aectlon 
through one engine, or say one steam-cylinder and two pumps. A is the rieam-oylinder; BB' the 
pumps ; C, ateani-piBton : D, piaton-iod eitending throneh botli ends of cylinder ; E E' are pump- 
raras attached directly to the pistnn-rod, one at each end ; F T the aaction, and G Q the delivery 
pipes, each with their reapeotive valves. At the junction of the pump-rama with the piaton-rod at 
eoeb end is a croas-hoad with a pair of slide-blocka working in aliries H H, To the cross-head H 
Is attached one end of a forked connecting-rod I, the otha end of which is connected to the crank 
and crank-sbaft with fly-wheel, as in an ordinary steam-engine. The other ateam-cylinder and 
B»ir of porapi are attached to the aamo crank-shaft at right anglM to those ah-e*dy dncribed, by 
thia means ensuring the pumps to be alternately brought into action, and therefore — the pumps 
being all connected to one delivery-pipe— secures a continuona unifonn discharge of water. 

It will be seen that if ateum l>e admitted into the steom-oylinder at the right-hand eod J, the 
piston will be poshed forward in the direction of the arrow by the full force of the steam, and the 
water oontainea in pump B is eipUed by the pnmp-iam E, and passing over the snctioo-ralve, 
whinh it keeps down, finds an outlet through the deliTery-valve into tbe pipe U, at a high pr~ 
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pump, to supply ttie boiler-feed, and return the injeotion-water to the main. By P is denoted 
the lower pump ; by P' the upper ; a, 6, and o^ xepresent the apertures in ooniieotion with the 
indicator. 

270T. 




Dimensums. — Steam-Cylinder, — ^Length of stroke, 4 ft. G in.: diameter of cylinder, 24 in.; dia- 
meter of piston-rod, 3^ in. 

Pumps.T-Length of stroke (arerage), 3*4G6 ft.; diameter of barrels, 20^ in.; diameter of 
piston-rods, 3 in. 

Pionp to turn rnjectton-water into the ifa«n.~Length of stroke, 1 * 604 fi. ; diameter of plunger, 8 in. 

17y-«7^/.-— Diameter, 20 ft. ; length*of orank» 27 in. 

Boiler-— One. Drop i^u^.^liongth of shell, 18 ft. ; diameter of shell, 6 ft. : length of fire-grate, 
5 ft. ; width of each fire-grate during trial, 2 ft. 2^ in. : number of upper flues, 4; diameter of 
upper flues, 13in. ; length of upper flues, 11 ft.: number of lower flues, 9; diameter of lower 
flues, 7 qf 9 in., 2 of 7 in. ; length of lower flues, 9 ft. 8 in. 

Explanation of Coaling Profile. — The profile of the coaling for seventeen hours will serve as an 
explanation of the form in which the register of coal consumed has been kept and plotted during 
the late experiments at Ridgewood and Prospect Hill. The hours selected have been taken 
rather than those at the commencement of the experiments, as profiles of steam and water pres- 
sures are given for the same period. 

The firing was commenced on the morning of May 13, 1862, and the fires and water were got 
into the state in which it was determined to keep them as nearly as possible uniform. The coal 
was first noted at Oh. 14m. p.m., when 100 lbs. were thrown on one of the giates; at Ih. 2m. 
100 lbs. on the other : at 1 h. 55 m., 60 lbs. on the first grate, and at 2 h. 82 m., 20 lbs. on the 
second. In this way the quantity of coal was taken every time any was put on, and on which 
grate it was thrown. The fire-box was divided in two by a brick wall, to maintain a more even fire. 
The coal was weighed in lots of 100 lbs. each, and the amount at each firing was then estimated. At 

1155 lbs. 
1245 „ 
1345 „ 

1465 „ 

1580 „ 

1660 „ 

1740 „ 

1800 „ 



6.56 pji. 




• 


. the total quantity fired was 


*• 


• . 


7.43 „ 




•< 


90 lbs. 


•• 


•• 


8.12 „ 




• 4 


100 „ 


•• 


•• 


9.03 „ 




• 4 


Cleaned fire No. 2. 






9.10 „ 




• 1 


120 lbs. 


•• 


• • 


9.47 „ 




• I 


115 „ 


• • 


. . 


10.27 „ 




• 4 


80 „ 


•• 


. • 


10.58 „ 




• < 


80 „ 


• ■ 


. . 


11.30 „ 




• 1 


60 >. 


. . 


• . 
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12 . 00 P.M. Gleaned fire No. 1. 

12.06 „ 100 Ibi. 1900 lbs. 

12.37 „ 50 „ 1950 „ 

12.56 „ 50 „ 2000 „ 

1.25 a.m. 70 „ 2070 „ 

1.47 ^ 80 „ 2150 ,, 

2.22 „ 50 „ 2200 „ 

2.42 „ 70 „ 2270 „ 

3.02 „ 90 „ 2360 „ 

and BO on. Each of the flrings is represented 
by dots on the profile, and tne dots are con- 
nected by lines. In this way the firing is 
graphically represented, Fig. 2708. and the 
quantity consumed during a period of a few 
hours can be quite accurately determined. 

The firemen had been employed on board 
of ocean steamers, and had never been inside 
of the building tiU the experiments were 
commenced. They were directed to keep 
the water, as near as possible, a certain leve^ 
and their fires always in one condition. The 
boiler-pressore was varied from time to time, 
to test the comparative economy of the 
engine under diffiarent pressures and speeds. 
The watch of the firemen was twelve hours 
on and twelve off. 

The coal used during the whole trial ; — 

Of Delaware and Hudson Canal LIm. 

coal 11.800 

Buck Mountain 2,360 

Total .. .. 14.160 
Tlie total quantity of clinker . . 645 

Small coal in ashes 883 
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Table of Results of Expebihentb made on Pbospect Hill Pumfiko Ekoine. 

May 13th, 14th, 15th, 16th, and 17th, 1862. 



Dttte» 1862. 



Number 

of 

Kevo- 

IttUoiu 

during 

the 

Hour. 



Atssagb. 



Mean 
Sieam- 
lYesure 

per 

■qu«re 

iuchln 

Steam- 

Qrllnder. 

2 



IXiy. 

May 13 



May 14 



Huur. 

8 p.m. 
9 



10 

11 

12 






1 AJf. 



2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
1 
2 
3 
4 
5 
6 



w 
n 

If 
n 

» 

19 

» 

POL 
w 

W 
»l 



1478 
1487 
1482 
1494 
1523 
1578 
1600 
1638 
1686 
1720 
1775 
1771 
1680 
1679 
1675 
1670 
1669 
1645 
1663 
1663 
1664 
1681 
1514 



Iba. 



22 
21 
21 
20 
19 
19 
19 
19 
19 
20 
21 
23 
2i 
23 
24 
24 
23 
23 
23 
23 
23 
23 
23 



3 

7 

2 

4 

6 

15 

15 

25 

5 

1 

9 

75 

5 

9 

1 

1 

4 

35 

45 

6 

55 

15 

3 



Mean 
Waterw 
Load per 
aquare 
lochia 
Pumpa. 

8 



ftSi^Vacnom 



per 

square 

loch. 



Oon- 
denaer. 



lbs. 



28 
27 
26 
26 
26 
25 
25 
26 
27 
27 
20 
32 
33 
34 
35 
34 
33 
33 
33 
33 



7 

8 

8 

25 



5 

25 

6 

3 

8 

3 

1 

9 

75 

15 

9 

5 

35 

75 

65 



33-25 

33-7 

32*3 



Ifaa. 


inch 


47-6 


27- 


47-3 


27 


45-7 


27 


450 


27- 


401 


27- 


451 


27- 


44*3 


27- 


46*5 


27- 


48 


27- 


48*5 


27- 


47 


27- 


47-5 


27- 


45 


27- 


49-7 


27- 


45-8 


27- 


45-6 


27- 


511 


27- 


49 


27- 


48-5 


27- 


44- 1 


27- 


480 


27- 


46-2 


27- 


46-8 

1 


27- 

• 



4 
2 
2 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
4 
5 
4 
6 



Stoam-QrllDder. 



Initial 



CaUoff. 
Full 



PreMore. ^7^}^ 
1*00. 



6 



Iba. 
42 
39 
40 
39-5 
37 
35 
34 
38 
88-5 
39 
38-2 
39 
35 5 
41 
41 

42*5 
42 
42 
41 
86 
41*5 

87 -^ 
39*5 



•15 
•15 
•18 
•14 
•15 
•15 
•15 
•16 
•15 
•16 
•20 
•20 
•17 
•19 
•18 
•18 
•18 
•18 
•19 
•19 
•15 
•18 
•16 



Final 

Frea> 

anra \ 

below 

0. 

8 



Oroaa 

Amount 

of Coal 

con> 

muned 

during 

the 

Hoar. 

9 



Iba. 

8-5 

5 

5-5 

6 

65 

6 

6 

6 

5 

5 

4 

4 

8 

8 

4 

3 

4 

4 

8 

3 

3 

3- 

4' 



5 
5 

5 
5 
5 
5 
5 



5 
5 
5 



Ibo. 
140 
145 
160 
140 
140 
125 
160 
188 
121 
160 
130 
285 
260 
210 
170 
150 
200 
200 
190 
220 
213 
185 
120 



Bemarki.] 



7 b. Ryan commenced firing. 
9 b. 8' cleaned Mo. 2 lire. 



laiLS'tkanedNo. Ifirv. 



6 b. 30^ Kenny commenced 
firing. 

9h. 18' cleaned Na I fire. 



2 h. 20' cleaned No 2 fire 



6h.25'r.7jnfirA 
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Table of Rbsultb of ExFEBoannv, &c, — continued. 

















Atuuos. 
































Gross 
Amount 








Number 

of 


Mean 








Steam-Qjlinder. 






1862. 


Revo- 
lutions 
during 

the 
Hour. 


Steam- 
Pressure 

square 
inch in 
Steam- 


Mean 
Wttter- 
Loedper 
square 
inch in 
Pumps. 


BoQer- 
Preasnre 

per 

square 

inch. 


Vacuum 

in 

Con- 

denser. 








of Goal 
con- 

sumed 

during 
the 

Hour. 




D»te, 


Ci 

Initial ] 

Pressure 3' 


It-Off. 

E'ull 
roke^ 

•oa 


Final 
Pres- 
sure 
below 




RemartB. 








cylinder. 












If. 




1 






1 


2 


8 


4 


6 


6 


7 


8 







Day. 


Hour. 




lbs. 


Ibe. 


lbs. 


inches. 


lbs. 




lbs. 


Ibn. 




May 14 


7p.1I. 


1289 


21 


■4 


29 


•1 


49-7 


27-7 


39-2 


•15 


4*5 


125 






8 „ 


1288 


20 


■1 


27 


55 


48-0 


27-2 


38*5 


•14 


5-5 


105 






9 » 


1285 


19 





26 


5 


48*0 


27-2 


37-5 


•15 


6 


110 






10 „ 


1286 


18 


5 


28 


•8 


48-5 


27-6 


87 


•14 


6-5 


140 


10 h. cleaned No. lfir& 




11 » 


1293 


18 


■5 


27 


•3 


48-0 


27-7 


86-5 


•15 


6 


150 






12 „ 


1299 


18 


■4 


25 


05 


46-5 


27-7 


36*5 


•15 


6 


120 




May 15 


1 A.lt. 


1279 


18 


•0 


24 


•45 


46-75 


27-7 


35*5 


■15 


6 


120 






2 „ 


1280 


17 


55 


24 


45 


47-5 


27-7 


34-5 


-18 


6 


ISO 


2h.6'cleinedNo. 2flre. 




8 » 


1286 


17 


2 


23 


9 


45-5 


27-5 


34-5 


•12 


6 


125 






4 n 


1281 


16 


95 


24 


3 


45-5 


27-2 


84-5 


•18 


6-5 


116 






5 „ 


1279 


17 


7 


25- 


8 


45-2 


27-5 


34-5 


•14 


6-5 


140 






« » 


1286 


19- 


3 


28- 


6 


46-5 


27-7 


38 


17 


5-5 


110 


6 h. 21 'Kenny fins. 




7 „ 


1276 


21- 


55 


31- 


7 


45-5 


27-7 


38 


20 


4-5 


153 






8 „ 


1258 


22 


65 


33- 


55 


37-5 


27-7 


32 


•25 


4-5 


161 






9 „ 


1255 


22- 


35 


33- 


5 


33-5 


27-9 


29-5 


•25 


4 


190 


9 h. 2S' cleaned No. 1 fire. 




10 „ 


1254 


21- 


85 


32- 


1 


34-7 


27-9 


31-5 


24 


3-5 


190 






11 „ 


1256 


21- 


3 


30- 


5 


34 


27-9 


30-5 


23 


3-5 


169 






12 „ 


1258 


21- 


1 


SO- 





34-5 


28 


81 


23 


3-5 


140 


12 b. 32' deaned No. 2 fire. 




1 r,u. 


1231 


20- 


95 


SO- 





35-5 


28 


31-5 


20 


4 


150 






2 „ 


1266 


20- 


85 


30- 


8 


350 


28 


83 


24 


4-5 


110 






3 , 


1255 


20- 


3 


30- 


5 


35-5 


28 


30 


22 


5 


134 






* , 


1260 


20- 


15 


29- 


7 


36 


28 


31-5 • 


21 


5 


110 






5 „ 


1256 


20- 


25 


29- 


55 


33 


28 


29 


23 


4 


115 






6 „ 


1264 


20- 


75 


29- 


9 


31*5 


28 


28-5 ■ 


26 


4 


119 


6h. 40' Ryan fires. 




7 „ 


1233 


20- 


75 


30- 


65 


33-5 


27-7 


29 


26 


3-5 


100 






8 „ 


1277 


19- 


9 


27- 


6 


32 


27*5 


25-5 ' 


23 


3-5 


96 






9 „ 


1260 


18- 


6 


26- 


8 


31-5 


27-5 


25-5 ■ 


20 


5 


90 


9 h. 38' cleaned No. 2 fire. 




10 ., 


1264 


17" 


95 


26- 


65 


31-5 


27-5 


24-5 • 


19 


5-5 


120 






11 " 


1267 


17' 


8 


26- 


4 


31-5 


27-5 


26-5 ■ 


18 


5-5 


195 


11 h. 18' cleaned No. 2 fire. 




12 " 


1266 


17- 


9 


25- 


95 


32 


27-5 


25-5 • 


22 


5-5 


144 




May 16 


1 A.H. 


1252 


17- 


7 


25- 


5 


27 


'27-6 


21 


27 


5 


141 




w 


2 „ 


1244 


17 


35 


25- 


35 


21-5 


27-7 


17 


80 


4-5 


130 






8 „ 


1241 


17 


35 


25- 


35 


21 


27-6 


17 


83 


3-5 


100 






4 


1238 


17 


5 


25- 


35 


21 


27-6 


17-5 • 


28 


3-5 


140 






5 


1239 


17 


-8 


25- 


9 


20-5 


27-7 


17 


80 


4 


130 


6h.ao'Kflanyfir0s. 




6 


1233 


18 


3 


27- 


8 


19-5 


27-6 


15-5 • 


42 


2-5 


160 






7 


1229 


19 


15 


30' 


4 


20 


27-4 


16-5 


88 


1 


164 






8 « 


1198 


20 


5 


31" 


95 


21 


26-9 


20 


37 


1 


125 


8 h. 66' cleaned No. 1 fire. 




9 " 


120^ 


21 


15 


32' 


3 


20 


26-5 


19-5 


48 


1 


130 






10 " 


1203 


20 


7 


31 


9 


20-5 


26-5 


18-5 


88 


1 


150 


10 h. U' cleaned No. 2 fire. 




11 » 


1175 


20 


•4 


31- 


15 


20 


27 


19 


85 


2-5 


2Qi 






12 Z 


1262 


21 


3 


31' 


15 


23 


27-5 


23 


-81 


2-5 


2(J5 


12 b. 10' Ridgewood fireman 




1 P.M. 


1490 


22 


5 


33 


3 


38 


27-5 


33 


-18 


3 


155 


commenoni firing. 




2 „ 


1480 


22 


5 


34 


15 


49 


27-7 


43 


•19 


3-5 


120 






8 ^ 


1482 


21 


■7 


34- 


1 


48-5 


28-2 


40-5 


-19 


3-5 


190 


3h. 66' cleaned No. 1 fire. 




* " 


1482 


21 


5 


34 


61 


48-5 


28-2 


41 


-20 


3-5 


165 






5 ^ 


1431 


21 


3 


85 


75 


48-5 


27-9 


40 


-18 


4-5 


190 






6 " 


1405 


21 


'4 


32- 


15 


49 


28 


40 


-19 


4-5 


195 


6h. 40'Ryanfirea. 




7 


1403 


21 


35 


82 


35 


48 


27-9 


40 


-20 


4 


180 






8 


1406 


21 


45 


31 


7 


49 


27-5 


40-5 


-18 


4 


160 






9 


1404 


21 


5 


30' 





50 


27-5 


41 


-17 


4-5 


170 






10 


1408 


20 


•7 


28- 


75 


49-5 


27-5 


40 


•17 


4-5 


145 






11 


1396 


19 


4 


27- 


95 


49 


27-5 


38 


•15 


5-5 


165 


11 h. 60' deaned No. 2 fire. 




12 " 


1356 


18 


•7 


27 


15 


47 


27-6 


37 


-16 


6-5 


180 




»Iay 17 


1 A.II. 


1267 


18' 


3 


26 


•7 


47-5 


27-6 


34-5 


■05 


4-5 


120 




\ * 


2 „ 


1313 


18 


6 


26 


•75 


49-5 


27-5 


32-5 


07 


4-5 


120 


• 




8 


1308 


19 


•15 


26 


•95 


49 


27-5 


31 


-12 


4-5 


130 






* 


1333 


20 


■0 


27 


•15 


49-5 


27-5 


35 


•18 


4-5 


120 






5 „ 


1385 


20 


•75 


28 


•5 


48-5 


27-5 


39-5 ' 


-13 


4-5 


120 


6 h. 30' cleaned No. 1 fire. 




6 :: 

7 „ 


1382 
1376 


20 
23 


•95 
•3 


32 
35 


•8 
•5 


47-5 

48 


27- 1 
27 


39-5 
42-25 


•20 
•21 


8-5 
2-5 


144 

166 


6 h. 30' Ridgewood fireman 
commenced flriug. 




8 „ 


1376 


24 


■3 


36 


•7 


47-5 


27 


42-5 


•21 


2-5 


150 






9 „ 


1375 


240 


37-5 


47 


27 


41 


•22 


2-5 


loO 


* 
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Onmamey tmd ^oiWi //oriiaUal Pumping Engine—TbiB engine, Ff rs. 2709 to 2711 , oonaisUof 
ft pftir of honiontftldOTblMoUngpompaoouiOed together, M shown in Pig. 2711; it i* placed in a 




oo«l-plt in Bl 
mter op a mtiaal aluJl of 900 
ft. at one lift. The OTUnden 
of thit engine are 13 in. uameter 
aod 86 in. stroke; the pomp* 
10} Id. diameter with bran 
Comith vahtt. 

In Flg& 3709 to 2711, of 
Ommanner and Tatham'a en- 
sine, A. A are the oylindere ; 
B B, piUBp-banela ; o c, iDotion- 
claoiu; B, the main deliTeir- 
pipe: FF, piiton-roda; GO, 
■lide-ban ; H H, oonnectins- 
rodi ; 1 1, uranke : J, flj-whecl; 
K, main mctionpipe ; LL, 
ome-hcads; HH,englDe-bedi: 
M N, npportfng beams. 

Tm* Locomotive for Turning 
Biarp Curvtt.—VTe illnetrate an 
arrangement for giving Uteral 
play to the ailee of looomotive 
enf^nea, which has been IstelT 
designed and introdnoed with 
mnDb anceeea by Blaek, Haw- 
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trafllo on oolUery Unas and iitailat bnuioheB, a claaa of work for vhioh they ore well adspted. 
Thia arrangement is nothing more Uian a aubatituto for the Amorican lateral molioa beam. On ancli 
linea ahar^ cnrvea and heafy gwdiantB are genoraCy^ to be met with, and the enginea employed 
' "- " ' ■ a ft Sunt or flexible 



linee aharp cnrvee and heavy giadientB are generally to be met wi 
on them ahonld thoa poaaeBa good hauling power, and yet should b 




wheel bue. For lines of this kind, 
where there [> uanally mnoh shnntiDg 

to be done, and where there are seldom 
faoilities fot turning the engine, tank 
looomotives are far anperior to thoea 
with tendere, aa indeed they also are 
for a great proportion of ordinary main- 
line traeSo. 

The engine to wMoh onr flgurea 
refer has ontdde oyliDdera 16 £. in 
diameter with 24 in. atroke, and the 
aiz ooupled whoela are 4 ft. e In. in 
diameter, and are arranged with a total 
wheel base of 12 ft 9 m., the trailing 
axle to which the anangement for 
giring lateral motion ia applied being 
behind the fiie-boi. The quantity of water carried is abonl 950 gallons, part of thia quantity being 
amtaraed m a aaddle-tank, and the remainder— abont one-fonrtS of the whole— in a lank placed 
beneath the foot-plate at the trailing end. Aa this latter tank is at a lower level than the saddle- 
tonk, the water m it la not used until the Utter is empty, and it U therefore generally full of water, 
tlins inareasuig the load on the trailing axle, which m aU-oonpled tack euglnea of ihU okas u 
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generally too lightly loaded. The ftiel b alao carried at the trailing end, where there is a box 
eapable of carrying about 35 cwt. of Aiel. The weight of the engine is aa follows ; — 

Tons. 

On leading wheels •• ' 11) 

„ oentre „ 12 

n trailing „ 9 

Total S2) 

The frame is of plates 1-^ in. thick, and is Tory strongly braced by cross and diagonal stays ; 
cylinders are secured to each other by a strong box-girder, thus being, as it were, self-contained, and 
preventing a separate and independent strain on frames. All the working parts and tires are steel, 
and the slide-valTes are eouiUbnum-Talves. The boiler is double riveted in the longitudinal seams, 
the holes for rivets in all flanged plates being drilled instead of punched, and the whole <k the 
boiler-plates being planed on all edges before being put together. The engine is worked at a pres- 
sure of 140 lbs. to the square Inch. 

Beferring to Fi^s. 2712 to 2714 it is observable that the pressure of the tmiling springs is 
received upon a casting which extends from one side of the engine to the other above the axJe-boxee, 
this casting having at its under-side recesses and projections, which fit the nppcr edges of a pair of 
cams which are interposed between the casting and the axle-box crowns. Tnese cams, which are 
made of steel, are heart-shaped, and they are retained in position by pins, which connect them to 
the axle-boxes. The axle-boxes are free to move laterally in their guides for a certain distance, and 
as they move to one side the cams each turn on one or their upper comers. It follows, fiom the 
shape of the cams and the relative positions of their bearing points, that when the axle is thus 
moved over to one side, the action of gravity tends to bring it back to its central position, and the 
movement, therefore, does not take place with any slight or ordinary oscillation of the engine, but 
is only caused when a certain pressure comes against the flanges of the wheeU as the engine 
traverses a curve. It also follows, from the nature of the arrangement, that the pressure requisite 
to cause lateral movement increases in a certain proportion as the distance of the axle from 
its central position increases. The whole arrangement is very simple, and can be applied to 
existing engines in all cases where there is nothing to interfere with the lateral tsaverse of the 
wheels. 

OaciOating Engine invented by James Hamer, of London. Beferring to Fig. 2715, it will be seen 
that the cylinder of this engine is fixed npon a ball K, which works Bteem-Slj^t in a cop M fixed 
to the bed-plate, this cup being pro- 
vided with two ports or passages, the 
one being In communication with the 
boiler, and the other with the exhaust- 
pipe, by means of the pipes B. B. The 
Dall has three ports formed in it, the 
central one communicating with the 
bottom, and tiie two outer ones with 
the top of the cylinder, these two outer 
ports Doing connected bv an annular 
groove formed in the ball around the 
central port. The use of this annular 
groove u to enable the outer ports to 
communicate with the ports in the cup 
even when the cylinder has turned 
round so that a line drawn through 
the three poiis in the ball would lie at 
right angles to the plane of oscillation 
of the cylinder. 

The ball is kept in place by a cap 
O and screwed ripg P, and it will be 
readily understood that as the ovlinder 
oscillates the movement of the nail in 
the cup regulates the admission and 
egress of the steam in the nme way 
as an ordinary slide-valve having 
neither lap nor lead. It is fofond & 
working that a constant slow rotating 
movement of the cylmder takes place, 
and this movement oondnoes gxeatlv 
to the equal wear of the onp-and- 
baU surfoces. To reverse the engine 
Hamer simply alters the coarse of the 
steam, makinff that which was the 
^Lhaust-pipe tne steam-pipe, and vice 
vend. Steam is led from the boiler to 

the chamber in which the valve T j ^ ^ j 

works ; and by moving the valve T by means of the lever U, the engine can be stopped or started 
In either direction at pleasure. Earner's arrangement, with a fly-wheel, will be found nseful where 
the power required is not great 
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fsktmee of noveltf, it &ffoid« 
B ^[00(1 eiunple of modem 

winding eneinea of medium 
size. Coupled horizontal wjnd- 
ing enginei are now aJmoet 
alwajg employed, both for 
oolliei; and ore mines. In pre- 
ference to beam, direct-acting 
vertical, or aoy other form <H 
single engine. 

Id thQ present example tlia 
different parts seem to be 
massive and nell proportioned, 
with strong; heavy bed-plates. 
The cylinder* are 20 in. dia- 
meter, and tbo pistona have 
a stroke of 4 ft. ; the oranlm 
in thU instance are of cast 
iroD, thouKh the makera geoe. 
rally pre^r and rcoommend 
wiongbt-iroa ones. The main 
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abaft is of witmght iron, 9} in. diameter on the body, and 8 in. diameter in the jonmaU. There 
is no fly-wheel attached, and the rope barrels, which are constructed for round lopes^ are placed 
upon tiie engine-shaft, and are 8 ft. diameter. They are divided in the centre by a series of wooden 
cribs of elm which form a brake-sheaTe, which is operated upon by a wrought-iron ftrap not shown 
in the figures, but t£e action of the whole will be easily understood. See Brake. 

The valves are ordinary slides, and are worked by means of two eccentrica to each, and the 
ingenious straight link-motion invented by Alexander Allan, p. 1199. The application of this link 
and winding engines is particularly valuable, especially where the valve is unbalanced, as reversing 
is effected with great facility. In some larger examples these makers balance the slide-valves by 
means of the thin flexible plates connected with them by links. 

Chapiin'a Hoisting Engine^ on cast-iron sole-plate. Figs. 2719 to 2721, foi use on shoze or on ship- 
board. Manufactured by Wimshurst and Co., London. 

A, boiler; B, engine-pillar; C, cylinder; D, fly-wheel; E, winding shaft or barrel; F, lotncA 
ends; G^ brake; H, Drake foot-lever; J, sole-plate or carriage; K, disengaging dutch; L, dutch 
lever aad rod ; M, reversing lever to link-motion ; K, feed-pump. 
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N, P, Burgh*a Single or Double Acting StearuPump. — ^The mechanical arrangement of the valves 
of this pump, in relation to the piston or plunger, is in harmony with a well-known principle of 
hydraulics, namely, when any volume of water and air intermingled becomes compressed, the air, 
being the lighter, ascends, and the efficienoy of pumps therefore consists chiefly in the disohazge 
of the air before the water. 

By this invention Burgh proposes to arrange and obviate the difficulties heretofore met with, in 
the following manner ; — The valves for the purposes of admitting and permitting the supply aiul 
discharge into and from the pump can be arranged either horizontally, vertically, or otherwise, to suit 
tiie particular purpose for which they mav be intended. 

He proposes to place each valve side by side, above and below, or at each end of the barrel of 
the pump. The supply-valve on the top opens towards the barrel, and that at the bottom in the 
opposite direction, so that they work towaras each other. The diacharge-valves are situated at or 

4 Y 
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near the same ang^e or level as 
the supply valve or valves, but 
work in opposite directions or 
from each other. 

This invention presents a moro 

compact arrangement of the valves 

than those previously used for 

the same purpose, inasmuch that 

the &ir admitted with the water 

into the pump is nearly, if not 

entirely, discharged at eaph stroke 

of the plunger or piston, so that 

the next foUowing stroke of the 

piston or plunger is equal to that 

preceding it, by which means any 

accumulation of air in the ^ump 

is prevented, and the efficiency 

of the upper and lower portions 

of the pump is rendered equally 

effective by the positions of the 

valves. To further ensure that 

the air below the piston, in the 

case when the pump is vertical, 

shall be as completely discharged 

as the air at the top, the piston is 

grooved in its periphery in one 

or more places sufficiently to 

allow the air when the piston is 

descending to escape to the upper 

portion of the pump, and on the 

np-stroke of the piston this air 

and the water will be effectually 

discharged. The piston may be 

solid or fitted with rings, valves, 

or otherwise, to suit the oiroum- 

stances. 

In this arrangement when the 
pump-valves are of metal or other 
suitaole material, the top supply- 
valve and the lower discharge- 
valve being inverted in the case 
of vertical pumps, it is proposed 
to fit them with springs, of any 
kind of material suitable to the 
particular reauirement, above or 
below the valves to retain them 
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In an eqniiniriiiin pmltlan, ao u to enable them to oloee «t the proper time. If neoeeauy, ludl^ 
mbber, canTsa, or other flexible valTe* maj be naed for the speoifio porpoae jtut desoribed with 
the leqninte aeatings, and gnaida cc lalvea of an; ihape, form, or material, aa a oombinatioii la 
alao applicable if deemed neoeeaary. 

TbiaaiT&ngemeDt poeaeMee the adran- vna. 

tage that a eingle^cting pump oan be 

made to perfonn perfect dntf on aoooont 
of the diaeharge-WTU being m looh a poei- 
tion (hat the air admitted by the aupplj- 
TalTB ia perfectly diaoharged with the 



For air-pnmpa this anatigement is alio paiticnlarl; appHeable, beoann the entire oontcnta ti 
diacharsed at each sbobe of the piaton or plunger. , . , .. j 

Fift. 2722 ia a lectional elevation of this machine aa applied toa oS|S'''t!i9V^ P""?; "1 
Fig. 2723 a front elevation; Rg.272* ia a aide elentlon d Fig. 2782; Pig. 2725 U a aeotlonal 
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view tnpUn taken on Iha liae A B.Fig. 2723; Fig 2726 la lui elevation in plan of Fig. 2723 : and 
Fig. 2Tn a sectional plan of Fig. 27^4. 

Ill each ot tlio flgurea the same letter* refer to correaponding or Bimilar perta : — A ia the ateain- 
pitton oonnected to tlio rod B of llie pump-pislon C vorking within the barrel D. On the npper 
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portion of the barrel two senuBto ohambers E and F are caat therewith, forming the ntction and 
diacharge ohambers & and F, in the bottom portions of which are secured in a suitable manner the 
Beatings and valTOi O and H for suction anil dtDcharge. At the lower end of the barrel D there Is 
bolted B casing containing two chambers J and K, in the bottom of which arc secured similar valves, 
Ij and M, m thoM above referred to, G sod H. The four obambers, just named, have bmnob 
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pieces cast with flanges, the two suction and two discharge chambers are joined together by means 
of two branch or coupling pipes N and O, and thus forming a single suction-opening and a single 
disohargeopening for the working connections. 

It will b^ seen on referring to Fig. 2722 that on the piston G moving in either direction, that is, 
up and down or right and left, the valves G and L open and admit water into the barrel on each 
side of the piston G, or at each end of the barrel, and at the same time the valves H and M permit 
of the discharge therefrom, by which means a continuous and effective supply and discharge aro 
produced. 

The main feature is that should any air be admitted into the barrel, by this arrangement of the 
valves it is drawn out by the piston G at each stroke, and thus a continuous uniform action of 
the valves, and the special duty of the piston G, are fully carried out. 

Merry weather's Steam Fire-Engine^ Figs. 2728 to 2732. — This engine weighs but 20 cwt. ; it is 
mounted on high wheels and easy springs so that its draught is light, and it is capable of delivering 
200 gallons a minute, and of throwing a |-in. jet 150 ft. high, or two 4-in. streams. In its chief 
parts the engine is of similar construction to the larger engines manufactured b^ the same well- 
Imown makers of steam fire-engines. The boiler^ which is shown in vertical section. Fig. 2729, is 
constructed according to Field's arrangement, and is of a kind well adapted for use on a steam fire- 
engine. The sides of the fire-box it will be noticed are formed entirely of Field's tubes clustered 
together. The boiler possesses the advantage that if the water is allowed to get low the only parts 
damaged are the tubes, and these all can be taken out and replaced in fourteen hours. A single 
tube if damaged can be taken out and replaced in half an hour, or the hole can be plugged if pre- 
ferred. In the boiler, Fig. 2729, the tube and top plates and uptake are of iron, while the shell is 
of mild steel and double riveted. The tubes are of solid drawn homogeneous metal, and the boiler 
is tested up to a pressure of 300 lbs. a square inch 

A strong frame of angle-iron, well stayed, is attached to the boiler by strong independent 
wrought-iron horn piecea and on this frame, over the fore and hind carriages, are fixed the steam 
and pump cylinders, so that no working parts are attached to the boiler. The piston-rod is in one 
piece, the steam-piston being attached at one end and the pump-piston at the other end. In the 
centre of the piston-rod is keyed a light cross-head carrying a brass clip, which, as it moves to and 
fro, glides along a slightly twisted bar, giving it a rocking motion which imparts a reciprocating 
movement to a finger-lever, and this lever actuates a sincfle slide-valve 
of equilibrium-piston form. This valve is so arranged that a fixed 
action places it in such a position as to close the steam-inlet and exhaust- 

Sorts when the main piston is at the end of its stroke, and when this is 
one the stroke of the piston-valve is completed by steam so as to open 
the reverse ste^m and exhaust ports. This valve-motion is found to be 
very certain in its action, and works with great regularity, so that the 
stroke of the pistooa is practically always the same length ; while, more- 
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over, the engine is so much under control that it can be run at only one stroke a minute, or at 
any intermediate speed up to one hundred and sixty or more double strokes per minute. 

The pump-cylinder, Figs. 2780, 2781, is cast with its valve-chamber entirely of gun-metal, and 
is fitted with india-rubber valves. These valves have very large clear openings without gratings, 
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and with but moderate lift, and are bo arranged that immediately tbe engine has besD HopptA all 
wstet leaves the pump, thus preventing aocidenta from freezing. These engines possesa an advan- 
tage, tho importance of which is very great, and that is the almoat abeolnte freedom of the pumps 
from liabili^ to beccme ohoked or set fast with satidjr water, a defect which, when it exists, not 
only gives rise to permiuielit injury to the pomps, but olao canaes, after a few hours' working, a loss 
of power of from 35 to SO percent, in the useful ^ect, a loss whiofa oonttaues until the pumftt have 
3S aod cleaned. 




At the side of tho main pnmp Is the feed-pnmp taking its supply of water &om the delivery 
passage of the main pump, and regulated by a cock with a graduated index plate. When the water 

Eumped by the main pomp ia aalt or foul, as it is in some cases, fresh water is supplied to the boiler 
y opening another auction-oock to the same feed-pnmp, there being attached to this oock a short 
■action-boee which is placed in a pail or tub of fresh water as with a portable engine. The feed- 

Eump has a brass-cased ram attached to the main cross-head, and it ciin be used for feeding the 
ailer without pcMsing water through the main pump ; while, moreover, in case the boiler be care- 
less); allowed to get abort of water, the main pump by working the engine slowly can discharge all 
its water direct into the boiler. 

The main pomp is fitted with copper 
two delivory-outleb, each with slop-valvf 

engine has a driver's seat, seats and rooi . __ _ _ 

which the stoker rides and attends to tho Are whilst 

between tho two coal-bunkers. These latter carry more than an hour's supply of coal, and there are 
brackets provided for 30 ft. of suction-hoso, bunker for 280 ft. of leather deUvery-hoae, and a tool- 
box for branch pipes, noMles, and other small things that may be required. A pole and swing-bars 
are also provided ao that two horses may be attached when required. These engines are not only 
effective when water is close, but they have the newer to pnmp water tiirongh deliverv-hoaa 1500 
or 2000 ft. long, aud yet to deliver a good jet of water at the end. The (team-cylinder ia 6} in. 



iction and delivery air-vessels, and a pressure-gauge and 
screwed to receive the couplings of delivery-hoses. The 
for twelve flremen, and foot-plate behind the boiler on 
>t the bind end 
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diameter, and the douUe-ecting pump 4| in. in diameter, the stroke of both steam and water pistons 
being 12 in. 

AltogjBther we cooflider that the engine just described is well planned, and that the details are 
well carried out. 

Fig. 2732 zepresents one of MenTweather's steam fire-engines which can be used afloat to 
extinguish fires otn shipboard. 

SKand, Maton^ and Co.'s £quiiibriuin 8Uam Fire-Engine.^The boiler and pumps of this engine 

are conveniently placed, close to the hind axle ; the 
front purt of the carriage being reserved for the fire- 
men, with their hose and various implements, the 
whole being mounted on four high wheds, and well 
poised on springs. 

The boiler, by an arrangement of inclined water- 
tubes, combines great rapidity in generating steam 
with economy of fuel; this boiler. Figs. 2783, 2735, 
2736, is extremely simple tn construction. 100-lb. 
pressure of steam has frequently been raised from 
cold water in six minutes and forty seconds.^ 

The engine consists of a set of treble pumps, 





which are worked direct by a corresponding set of treble steam-cylinders, the whole being fixed 
to the boiler. 

Fig. 2733 is a longitudinal section. 

Fig. 2734 is an end elevation. 

Fig. 2735 is an elevation of the tube-chamber, showing the arrangement of the tubes. 

Fig. 2736 is a plan of the tube^hamber for the same purpose. 

A are steam-cylinders; A^ fire-box; A„ fire-bars: A„ combustion-chamber; A^, chimney; 
A^, steam-chest ; B, plungers ; G, connecting-rod ; Gp safety-valves ; G„ exhaust-pipes ; G„ steam- 
pipe ; G|, steam-r^^ulating valve ; D, engine-frame ; D„ feed-cistern ; D^ hose-iwx ; D„ driver's 
seat ; D^, driver's footboard ; D^, boot to carry hose, and support locking ; Dg, lockings ; E„ front 
wheels; E„ rods by which hind footboard is suspended; fL hind springs; F, connecting-rods; 
Q, stuffing-box of plunger; H, cranks; Hi, tuoes in bouer; L crank-shart; J, eccentrics; 
J„ feed-pump; K, bucket; L, foot-valve; L„ foot- valve joint; li, suction-nozzle; N, suction- 
chamber; O, pump-banels; P, pump-head; Q, delivery-nozzles; Qi, delivery- valve handle; 
B, hind axle ; 8, fire-door in boiler ; T, hind footboard ; U, nind wheels ; Y, air-vessel ; W w, front- 
spring shackles: J^f front axle ; Y, front springs ; Z «, hind-spring shackles. 

There are three steam-cyUnders and three pumps direct acting, on the bucket-and-plunger 
type, the plunger being half the area of the buckets. The buckets are bolted to the plungers, and 
are shown at £, in Fig. 2733. The foot-valve is shown at L in the same figure. Access is obtained 
to the valves by unscrewing the bolts L, and dropping the suction-chamb^ N, with the foot-valves, 
bodily down, then the bucket can be disconnected from the plunger and dropped down in the same 
manner. The foot-valve is made fast by sweating to its seating. 

The suction-hose is screwed to the nozzle If, and the deliverv-hose to the nozzles Q Q. 

MThen all is placed ready for starting, the engine, by lifting the bucket, fills the pump-barrel O, 
and on the return stroke (down) the water is trumfened through the bucket K into the upper side 
of the pump-barrel; but at the same time half of the quantity is discharged by the plunger, and 
the other half remains to be discharged by the next np-stroke by the bucket. An air^vessiel Y, 
Fig. 2734, is in communication with the pump-head. 

The boiler is of the water-tube class, having the tubes arranged in separate layers, and each 
layer at right angles to the one immediately above or below it ; they are also inclined, to 
ensure a droulation of the water, which goes on in the direction shown by the arrows, Figs. 
2783,2736. 

When it becomes necessary to examine the boiler, it can be readily done by unscrewing the 
bolts at B, and B„ Fig. 2733, and lifting the shell entirely oft; then every one of the tubes are 
exposed. 
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fflnm Boad-BoOtT of Aveling and Porter, of Boolie«ter. — Tbii rnAohlDe, Figs. 2737, 2736, velghfl 
IS tcnu, Kod ia numnted on four broad vheeU or rollen, the fiont p«ir. which are 5 ft. in diameter, 
BOt^g as the driving vheela ; these rollen are so plaosd that the total width rolled ia 6 fL Tbs 
hiod pair of rollen, which are 1 ft. 9 in. in diameter, are placed close together, ao aa to Uxrm, aa it 



were, ooe broad roller, and the; are 
of such width that they alightly 
overlap the tiacka of the front 
rollers, aa shown in the bank ele- 
vation. Fig. 2738. The hind rollara 
are mounted within a ring acted 
upon b; the stoering gear, the hand 
wheel of which is situated on one 
side of the engine. The mounting 
of the hind rollers is, moreover, bo 
arranged that the machine can, aa 
it were, lock on them to some slight 
extent, and the fiont wheels are 
thus len free to adjost themselves 
to the curvature or Inequalitiea of 
the road. The machine is practi- 
callj supported on three points, the 
moat ataole arrangement that can 
be employed. 

The general arrangement of the 
steam-oylinder and gearing is the 
same aa that ordinaillf employed 
by Aveting and Porter on their 
well-known traction ongincA, and 
all parts are readily accesaible and 
completely open to inspection. The 
flre-box IS provided with a aide 
door, the firing being performed by 
the driver, who stands on one side 
of the engine, while the steersman 
stands on the other. The fnel and 
water are carried upon the strong f-— 
framing, whioh conDects the hind -z^ 
rollers with the fora part of the "" 
machine, and the weight is ar- 
ranged BO that it is equally distributed on the two pain of rollera, while the oeutre of gravity is 
kept as low aa possible. 

At Manchester a road-roller, similar to that wo are now describing, rolled down a aarface of 
2225 sq. yds. of newly-metalled Toad in ten hours with a ooosumptiou of G cwt. of ooke : while 




tlon Ot coke being thtee btu. 
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'a rolled down imaoth in 2} boon, the eonaomp- 



Beddee raad-toUiiig, the moohine c«n, b; meiely pboliig Bpikes in holes provided in Uie wheels 
to receive tbem, be ueo emplojed for breaking up the naai. The maahuiB at Msnohester was 
tested with this olaat of work, and picked up an ares of 2018 sq. yds. In Uitm hours fuitj 
minnteo, with ft oonsomption of 160 Ibe. of ooke. The cro«»-pieking trss Babaequeatlj perfonned 
bj hand-lsboor, theamonnt of tbisliand-labonr being only equal to that ofonemauwofkiDgBixtjr 
hoois. See AQBiom.n;BAL Enamze. Aosicclturai. jMrLEMxtrre. Aut-Eaautm. Blowikq 
JtUoBarm, Bobino ahs Blutinq, p. 515. Bbidiu, p. 793. Cak, p. 9(H. Coal-outtuto kUoHiKE. 
CofFaa, p. 1070. Db ooikq Maohinb. Dbiu. 

ENVELOPB UACHINE. Fr, XacMnt h plier la aiveiopptt; Geb., Co»ttrtfaltmatdtmtt 
Ital., Macchina da ooptrtirte ; BpAM., JfdqHina para hacer tabra, 

Belf-feeditig EitvOipt-foidittg itachint. — The credit of inventtDg thia machine Is due to Q. U. 
Bear, of New York, 

To thoiDugblj appreolcte the advantages these maabi*ea preeent, onr readen must bear in 
mind that other msohiDee teqaire three attendants to perform the opetations carried oul by 
theBe^ which require one attendant only. There is the attendant to feed with one blank at a 
time; and aa ordinary msohines deliver the envelopes simply creoacd, another attendant must 
place the flaps of the envelopes in proper order and gather them up, whilat a third attendant is 

Suired to band them. In the machine we are about to describe, the attendant sita down in front 
\ places in the proper receptacle a oertain number of blanks, regulated according to their sub- 
stance; the appanitos oicks up the blanks singly and convevs them to the creasiiig-boi, and. 
during their progress, they are stamped, if so required. After having been oresEcd, the envelopes 
are, by a double action <A the plungera, most sccorel; and correctly fastened and folded. After 
leaving the plungers, 

they are mwhaniaillv "™' 

obUeoted and delii 
to the attendant in 
metrioftl orderreai 
be banded. Thus, 
the time the blank 
delivered to the 
obine till the pe 
envelope is turned 
the attendant boa 
tbine to do with t 
whicn leaves ft 
time to band them 
This machine I 
presented in ttoaX 
vation at Fig. ! 
Pig. 2740 showi 
apparatus in side 
vation. Fig. 27*1 

!>lan, with the n 
raming removed 
show more dearly 
apparatus for fee 
snd press! og. i 
the main frame 01 
machine ; it oardea 
its upper part a 
B, uiove which 
plate O snpportoi 
oolomna or pillars 
theUbleB. The 
O ia perforated foi 
passa^ of the U 
The Uble B also ce 
near tLe front ent 
other plate £, frc 
be moved in sod 
ss required. This 
and a portion of 
table B are show 
ft larger scale in 
metrical view In 
2712, aod inside 
in Fig. 2746. Th 

velope blan kaare p 

on [he plalo B ' 

drawn out. as shoi 

Figs. 2740, 2741, ana 

2740, and are kept in place by projections a a on theplnte. The projectEons are dttcd at top vitb 

bent springu A & for a purpose to which i,o shall i>resently refer. When the plate E has been nip- 
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plied with a niunber 
of blftnkB, it iB pushed 
in, M Bhown in Hg. 
2742, nntil tho blanki 
oome BgttinBt projeo- 
tioTie cc on the tablo 
B, when they are in 
position for being fod 
singly into the ma- 
chino. ThB plate is 
then Beonrod bjr means 
of ft thnmb-Bcrow d. 

The table B carriefi 
guidea F for vertioBl 
rods Q G which pass 
thronghit Tbeaerode 
are forked at bottom to 
embrace a horizontal 
tod H, while at top 
tboy are oonnected by 
a croas-beani I fioni 
which lifters J J de- 
pend. Theae lifters 
perform the double pur- 
pose of guroming tho 
envelope blanks and of 
lifting them one by one 
from tho Hnpply-plate 
E. The lifters are 
forked at bottom, and 
tho forked ends are sap- 
plied with gnm from 
the rollers « a, which 
have a to-and-fro mo- 
tion imparted to them. 
Immediately after 

being gnmmed, the 
lifters J J fall, come in 
contact with and take 
tip the uppermost 
blank, whioh adheres 
to their gnmmed sur- 
face. The lifters J J 
receive np - and - down 
motion from a rocking 
lever K centred on a 
abaft L at back of the 
maohins, and acted 
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in by a oam I on the main driving shaft H. This cam ia doable, that is, it is formed so 
!o pMdooe a doable action ; It Snt laiaea the lifters J J a certain height (after thair forked 
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enos have been gnmmed and have taken up a blank), in order that the blank may be released bj 
coming in contact with the under-surface or the plate G. The bent springs 6 6 on the projections 
a a of the snpply-plate £ at the same time bend down or ourve the end flaps of the blank to ensnre 
its being caught by fingers. The second portion of the cam 1 then acts to raise the lifters J J still 
higher, when the gumming rollers ee come under their forked ends to supply them with gum for 
another blank. In the meantime, the first blank has been seized by fingers // on the ends of slide- 
rods gg, which are moved to and fro in a framing A fixed on the back paii of the table B. This 
movement is efiected by a weighted rod N, which connects a cross-bar O of the slide-rods ^<7 to the 
back shaft L. The weight on the rod N prevents all jar and shock in this part of the machine. 
The shaft L receives motion from a lever P on its end, acted upon by a cam 2 on the main shaft M. 
The lever P is fumiehed with a spring rod Q to keep a roller t carried by the lever on the face of 
the cam. The fingers / / are undercut at the back, as seen in Fig. 2740, in order that in their 
backward motion the undercut portions may come against the blame and carry it to the creasing 
apparatus. 

The gumming rollers ee receive their to-and-Iro motion by means of levers R R connected to a 
cross-bar S under the table B ; the cross-bar S in its turn receives motion from a nearly vertical 
rod T, the lower end of which is forked and furnished with a roller j\ which rides upon and is 
acted on by a cam 3 on the main shaft M. The gumming rollers ee tLre fitted in a frame which 
moves to and fro in guides on the plate G ; any ^m which may fall from the rollers is caught 
upon this frame. The rollers are composed of prmter's composition covered with india-rubber. 
They receive their BUpplv of gum from another roller or doctor k, which rotates partly in a box / 
containing the gum. The doctor k is made to rotate by a projection on its axis being acted on bv 
a pin on the shaft U carried by a framing on the table B. This shaft receives motion through 
a pulley V, over which a band passes to another pulley W on the main shaft M. The gum-box / 
is provided with a scraper or spreader to regulate the supply of gum. 

The plate G has two ribs mm formed on its under-side, which, as the envelope blank is being 
carried back bv the fingers /A as before explained, keep the end flaps dightly curved downwards, 
in order that the blank may oe presented in that position to the plunger. Beneath the plate G is 
an inclined plate n which supports the body of the blank while being carried to the creasing-box. 
Immediately the blank is brought over the creasing-box, a top plunger X comes down upon it and 
drives it into the creasing-box, whereby the four flaps are creased or brought into a vertical posi- 
tion ; the plunger X then ascends. Up-and-down motion is imparted to this plunger through a 
vertical roa Y connected to a horizontal beam Z above the machine. The beam Z is again con- 
nected to another vertical rod A^ forked at its lower end, and carrying a roller o, which rides on a 
cam 4 on the main shaft M, except after the plunger X in its down-stroke has reached the envelope 
blank. If the pressure of the plunger is not sufficient, greater pressure is caused to be exerted by 
another roller o* which rides over the roller o at eveiy revolution of the main shaft. This addi- 
tional roller o* is carried on a pin adjustable in a slot o* (see the detached view. Fig. 2743) in an 
arm or crank o* on the main shaft. The beam Z is guided in its motion by a roller which bears 
against a projection on the upper part of the main fmme A. 

When the top plunger X ascends, two fingers q q come down upon and fold the end flaps of the 
blank ; then another flnger 7* comes down upon and folds the back flap, the inner surface of which 
has been gummed ; a fourth flnger 9' then comes down upon and folds the front flap. Simulta- 
neously with the coming down of the two end flngers 9 9, a bottom plunger X* is made to ascend 
to the bottom of the creasing-box to support the blank. Immediately after the folding of the 
flaps by the four fingers, the top plunger X again descends and carries another blank into the 
creasing-box. The flngers then retire by means of mechanism we shall presently describe just 
before the plunger X in its down-stroke would press upon them, and this plunger exerts pressure 
upon the edges, and still greater pressure upon the gummed portion fowing to the peculiar 
ooustruction of the face of the plunger) of the envelope, the folding of which has just been 
oompleted. The flnished envelope and the creased blank are now momentarily held between the 
two plungers X X^ 

It will thus be seen that each blank remains in the oreasing-box during two descents of the top 
plunger X. The bottom plunger X* is made to rise and fall by means of a cam 5 on the main 
shaft M , against which a roller r on a forked vertical rod B\ which carries the plunger X\ bears. 
The flnished envelope is caused to fall from the top of the plunger X^ bv means of two projections, 
which in the down-stroke of this phmger pass through slots, and tilt the back of the envelope, which 
falls edgewise down a shoot D^ into a box G^ The back of this box is A-ee to slide in and out, and 
is connected to a lever <, centred on a support t flxed to the main frame A ; the pin which connects 
the lever a to the support f, also connects to the same support a curved lever u. A bar o, which 
supports the vertical rods G G, presses in its downward motion upon the curved portion of the 
lever u, and through the lever 9 causes the back of the box G> to carry forward into the box the 
envelope last delivered from the creasing-box. The box G^ extends to the front of the machine, and 
forms a table, which may be used by the attendant while banding the envelopes into packets as 
they are taken out of the box. 

The two flngers q 9, for folding the end flaps of the envelope, as before explained, are arranged 
as shown in Fig. 274^, and act as follows ;~They each consist of a plate with bevelled edges 
secured at back to a block x, and are furnished with adjusting screws. Each block x works upon a 
pivot J/ in an arm ^, carrying a boss a\ formed with teeth on a portion of its periphery ; the teeth 
on each boss are geared into by a rack or toothed boss on the upper part of a vertical rod c>. The 
two vertical rods c^ are connected by a horizontal bar d> caused to rise and fall by another vertical 
rod /', the lower end of which is forked and furnished with a roller g^ which rides over a cam 6 on 
the main shaft. In the down-stroke of the forked vertical rod p the racln on the rods c\ by gear- 
ing into the toothed bosses a\ cause the flngers 7 9 to turn upon their pivots y, and take up a 
position over the creasing-box and under tiie top plunger, and so fold the flaps. In the up-stroke 
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of the rod /> the fingers 9 9 are caused to retire, and as soon as they are free from the plnnger X a 
spring m\ connected to the hack of each flnger-block x^ draws down the back of the block, and 
thereby raises the fore end of the finger. 
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The fingers q^ 9' for folding the back and front fia^ of the envelope are arranged and act 
similarly to ^e fingers q 9, for folding the end fiaps, as just explained. The finger q^ is acted on 
by a nearly vertical rod h} toothed at its upper part and forked at bottom, where it carries a roller t>, 
which rides over a cam 7 on the main shaft. The finger q* is similarly acted on by a rod f, roller />, 
and cam 8. In order that the top plunger X, the second time it acts on each blank, may^ after the 
fingers retire, exert greater pressure on the gummed portion of the envelope, ribs or proiections n> 
are formed on the face of the plunger, as shown in Fig. 2744, which is a view of the face of the 
plunger, to correspond with the gummed portion, in addition to the ordinary rib or projection o> on 
the edges of the face of the plunger. As there are three thicknesses of paper at the gummed 
portion of the envelope, this ^rtion consequently receives the greatest pressure. The plunger X is 
perforated for the escape of air. To prevent the envelope blanks adhering to each other, a portion 
of the supply-plate is removed, as seen at/>*. Fig. 2746, so that the lifters J J, in ooming down upon 
the blanks, may press down and separate their edges. 

The forked vertical rods referred to as being fitted with a roller riding on a cam on the main 
shaft are eeudh furnished with a spring to keep the roller down upon the face of its cam. To raise 
the top plunger X and its beam Z when necessary for cleaning or repairing the machine, a curved 
lever £ is fitted on the main frame A. B;^ turning the lever on its pivot it comes against a roller 
F^ on the beam Z, and raises the beam until the roller falls into a slot formed for the purpose in the 
lever E^. See Pin-makino Machine. 

EPICYOLOIDAL WHEEL. Fb., Soue ^ptcydcidal; Okb., Epicykhidenrad ; Ital. RwAa epi- 
dcloidaie ; Span., Bueda da epicichide, 
* See Mechanical Movements. 

ESOAPEMENT. Fb., ^happemerU ; Gee., Memmung ; Ital., SoappoaMnto ; Span., Eaoape. 

Escapements are contrivances for converting a reciprocating circular motion into a discontinuous 
circular motion in one direction. 

Fig. 2747 represents an arrangement of this nature. Upon the shaft O is fixed a toothed wheel, 
the teeth of which form an acute angle, but present one face coinciding with the radius, whilst the 
other makes with this radius a more or less con- 
siderable angle, or, in other words, one face of the 
tooth is perpendicular to the axis and the other 
forms a kina of inclined plane. This is called the 
ratchet-wheel. A lever OA, which moves inde- 
pendently of the shaft, turns upon the same axis O. 
In appoint C of this lever is a ratchet or click G D, 
the end D of which drops into the teeth of the 
wheel, and is held in this position by a spring r 
fixed to the lever. When the lever is moved in 
the direction of the arrow, it dragb the wheel with 
it, thereby causing the wheel to revolve to a cer- 
tain extent. MThen the lever is moved in the 
contrary direction, the end D of the click slides 
up the inclined plane formed by the next tooth 
and drops into the following one, and so on over 
several teeth in succession. The reciprocating motion of the lever thus causes the shaft to revolve 
constantly in one direction, but in a mscontinuous manner. As the shaft is usually acted upon by 
a resisting force which would tend to make it revolve in the contrary direction, a contrivance is 
required to prevent this backward motion. This contrivance is a click, or, as it is commonlv called, 
a pawl I E, which turns about the point I, and drops at its other extremity into the teeth of the 
wheel; in this position it is held by a spring r' fixed, as well as the axis I, to the frame-work of 
the machine. When the wheel turns in the mrection of the arrow, the inclined faces of the teeth 
slide over the pawl by forcing the spring r* to yield, and in this way a certain number of teeth 
escape. But when the lever turns in the contrary direction without moving the wheel, this latter 
is held in its position by the pawl, which cannot yield to the pressure exerted upon it by the tooth, 
because this pressure normal to the tooth has a direction E N passing between the axes of rotation 
I and O, and tending to drive the pawl towards the right, wnich is impossible, since the points 
O, E, I, are the summits of a triangle the sides of which are invariable. 

This kind of ratchet is frequently employed in those manual machines which are used to lift 
the materials in buildijig. It has tdao heea applied with some slight modifications tadrags, cranes, 
presses, &c. 
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It will be seen that the shaft revolves daring one-half only of the oeoillation of the lever. Bnt 
by placing a ratchet at each end of the axis O in such a way that one ascends while the other 
descends, the motion of the shaft may be rendered nearly continuous. This oondition is, however, 
equally fulfilled by Lagcurousse's lever^ represented in Fig. 2748. 

This lever, which turns about a fixed axis I, has two clicks jointed to it in the points G and 0' ; 
these clicks fall into the teeth of the wheel O upon the axis of the shaft. They are held in this 
position b^ springs fixed to the lever, and the wheel is held by a pawl as in the first arrangement. 
The way m which Lagarousse's lever works is evident. When the end A is lowered, the click G D 
drags the wheel round; at the same time the click G' D' is liberated and allows a certain number 
of teeth to escape successively. When, on the contrary, the end A is raised, the click G' D' drags 
the wheel round, and the click G D is liberated, allowmg, in its turn, a certain number of teeth to 
escape. In this way the wheel is left stationary only during the very short space of time occupied 
in changing the direction of the motion of the lever. 

In the example, Fig. 2748, the lever acts upon the toothed wheel by pulling ; it might be made 
to act upon it by pushingy by merely changing the direction of the inoluiation of the teeth. The 
shaft, in this case^ would turn in the oontrary dizection. 
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The ratchet-wheels described above are open to the grave objection of causing, when they are 
large, an intolerable noise, due to the shock of the dick each time a wheel escapes. This objection 
has been removed hy the arrangement represented in Fig. 2749. The teeth of the wheel are, in 
this case, nearly straight, and oner on each side only a slight inclination with respect to the radius. 
A bent lever F O m n turns about the axis of this wheel independently of the wheel itself. In the 
point F is fixed a click F D, the end D of which falls into the teeth of the wheel. A lever O A, to 
the end A of which the force is applied, also turns about the axis O ; this lever and the click are 
connected by the rod GI jointed at its extremities. The play of the lever O A is limited by two 
pins or studs m and n fixed to the bent lever. When the end A is lowered, the dick drops into the 
teeth of the wheel and forces it round. But when the end A is raised, the click is forced up by 
the rod G I ; and the lever striking against the stud n turns the bent lever independently of the 
wheeL The end A being now brought back to its former position, the click is orawn down into 
the teeth of the wheel by the rod I G, and the wheel is again forcM round. The stud m merely 
shows the position of the lever when tae click has a firm hold of the teeth. With this arrangement, 
the intervals of rest are somewhat longer than in those described above. 

Instead of the ratchet and toothed wheel, friction may be employed to bring about the same 
result. Of these contrivances, the two most important are that due to M. Saladin, of Mulhouse, and 
that known as Dobo's. We will first explain the principle of the former. To that end we will 
consider, in ^e first place, a horizontal cylindrical rod or shaft AB, Fig. 2750, revolving between 
guides, and suppose it embraced by a ring a a', the inner 
diameter of which is a little greater. This ring is pro- 
vided with a handle or lever a 6, to the end 6 of which 
a motive force F may be applied in the plane of the 
symmetry of the system, which we will suppose to be 
that of the figure. On account of the play between the 
shaft and the ring, the latter will slide freely along the 
shaft when it is held nearly parallel vrith a right sec- 
tion. But if it is acted upon by a force F which causes 
it to assume the position shown in the figure, in which 
it touches the shaft in the two opposite points a and a\ 
sliding may become impossible, independently of the 
intensity of the motive force. For, in order that the 
ring may slide along the shaft while maintaining this 
position, the reactions R and B' exerted by the shaft at 
the points of contact a and a' must make with the normalB 
a n and a* n' angles equal to the angle ^ of the friction 
of the bodies in contact. Let I be the point of inter- 
section of the directions of the forces B and B'. In order 
that the ring may be moved along with a uniform 
motion, or in order that it may be on the point of 
being so moved, equilibrium must exist between the 
three forces F, B, and B', and consequently the force F must pass through the point I. This 
condition is sufficient for equilibrium (neglecting the weight of the ring), and to obtain the 
intensities of the reactions K and B' we mive only to transport the force F to I, in a contrary 
direction, and to decompose it according to the rule of the parallelogram of forces, in the direc- 
tions a B and a' B'. If now we vary the angle which the reactions make with the corresponding 
normals, the point of meeting I of these reaotiona deaoiibos a bxanoh of an equilateral hyperbola 
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greater than l)iD angle A I H = a, it would meet the hjpeibola between I a 
rcnctiODs, at the point of meeting, auat make with the aoroials aiiglea greater than the aagls f>, 
which ia irapossible. This amounta to saying that, io this case, equilibrium would not extat, and 
the ring would be foiced along tbe ahait. But if the force F made with the direction oF the ahaR 
an angle less than a, ita direction would meet the branch of the hypeibola betwixn 1 and C, and 
ooDaeqnently the reaetiona K and &' would then make with the normela an angle loea than the 
angle of friotinn 41 : and, in thia case, alidiog beoomea impoaaible. This reault ia independent, %a 
the student will see, of the intenaitr of the moving force F. From all thia we conclude that, in the 
csae in which the force F makes with the direction of the abaft au angle amaller than a, the ring 
bt'ing unable to allde along the ahaft, the latter will be forced in the direction of A towards B, 
whilst if the angle of F with tbe shaft is greater thnn a, the ring may slide without dragging the 
Bbafl. Upon this fact, which may be easily verified by eiperimenta, ia founded the iuventioa of 
M. Saladin. 

Upon the aiia of the shaft is fixed a wheel, the outer rim or felltea of which are broader than the 
arms or spokes in the direction parallel to the aiia of rotation ; the section of thia rim is ahown by 
the hatched portion of Fig. 2751. It is embraced by a kind of ring formed of tbe biauchea ab,ab, 
between which the arm mn passes, and a sphere O fixed to the branobes ab, a A, by a pin through 
ita diameter a a, Thia sphere ia afBxed to a rodp which slides through a hole C in a piece on the 
end of a lever A B turning about the aiia of the wheel, but independent of this wheel. Fig. 2752 
shows the general arrangement of the wheel and the lever. In the position there indicated, the 
rim in seized or pressed between the branches u A and the sphere : it follows from this that when 
the end Q' of the lever is lowered, the rim is acted upon by & force which tends to make the wheel 
revolve in the direction of tlie arrow. Wlien, on the oontraiy, the end B' ia raised, tbe end B 
descending, the brancbea or arms a 6 aasame a position normal to the circumference of the wheel, 
and may, in virtue of the play left between the circumference and the sphere O, follow the mc4ion 
of the lever withnut exerting any force upon the wheel. A similar system a'b', on the end of » 
fixed arm M N, plays the part of the pawl in a ratchet-wheel. When the wheel turns in the direc- 
tion of the arrow, the branches o* 6' occupy a position normal to the circumference, and therefore 
allow the wheel to pass freely. Bat when the motion is arrested, the branches a' b' fall back by 
their own weight, and if the motion had a tendency to take the direction the contrary of that indi< 
cated by the arrow, the circumference of the wheel would lie prised between these blanches and 
the sphere, and the motion would thus be rendered impoasibla. 




It will be seen that the wheel revolves during ooe only of tbe two oeciUatione of the lever. But 
a system similar to that of I^garousse's may oe adopted ; this arrangement Is represented in 
Fig, 2753. To a lever A B B', turning about a horizontal axis O, are jointed two rods or arms B O 
and B' C, and to the ends of these C and C rings are adapted analogous to those of the system we 
have been describing ; these rings embrace the circumference of a wheel fixed upon the shaft it is 
required to turn. When the end A of the lever is raised, the point O is raised also; tbe oorre- 
sponding ring presses iigainat the circumference of the wheel and causes it to revolve. The point 
C, on the contrary, is lowered, and the corresponding ring assumes a direction normal to the cir- 
cumference, allowing tbe wheel to pass freely. The inverse of this takes place when the poiut A 
is lowered, so that the wheel is made to revolve with each movement of the lever. 

Dobo's system ia founded upon similar principles. A plane and a sectional view is given in 
Fig. 275i. Upon the shaft 00 is fixed a d iso A A. revolving with a gentle friction in a ring BB 
to which the motion is communicated, cither by bmd on tbe handles PP, or by some other means. 
Upon thediso A A in the hoUowspace between the shaft O O and the ring BB,are fixed a number 
of pieces M, M, M, tuminji; about axesc, c, c, fixed to the disc, and terminatiag on tbe side of the 
ring in arcs of a circle having a radmsa little less than that of the ring. Small springs r, r, r, also 
fiiedlothadiso, press lightly upon these pieces; and, as the distanoe from the axis c to tbe angle 
of the piece in contact with the spring is a little greater than the normal distance from the point 
to tlie riup, the effect of the spring is to force this angle to rest against the ring. The normal m O 
at tlie point of contact makes only a small ancle of about 9 degrees with tlje stmiKbt line m c. 
When the ring is turned in the direction contrary to the arrow, the pieces M, M, M, force tho 
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oorrespondin^ aprtngs to yield, and, in virtue of the play which is tiierehy pio^noed, the rine revolves 






of the ring passes through the point c. But the angle Omc being less than the angle of friction 
for the substances in contact, the 

piece M cannot slide with a relative 2^^^* 2755. 

motion upon the ring ; consequently, 
the latter forces the disc, and of 
course the shaft upon which the dise 
is fixed, to revolve. The particular 
advantage offered by'Dobo's system 
ia that the extent of the motion com- 
municated to the ring Is absolutely 
arbitrary, instead of being, as in the 
other systems, limited to the oscilla- 
tions of a lever. 

To the foregoing systems mav be 
added that of Chameroy, which is 
employed in screwing together gas or 
water pipes. It oonBists of a cord 
B C B^ Fig. 2755, which ia passed 
round the pipe and fixed at each end 
to a lever dX the lever, being thus 
pressed against the pipe. If a force 
F be exerted upon the lever in the 
direction indicated in the figure, the 
cord cannot slip over the surface of 
the pipe, and oonsec^uentlv the pipe 
is turned upon its axis. If, on the contrary, a force be exerted in the contrary direction, the cord 
and the lever slip over the surfiace of ^e pipo, and may be brought up to their first position. 
Again applying a force in the direction of F, the pipe is turned upon its axis, and 00 on till the 
work is completed. 

Viewed mathematically, these results appear as follows:— 

Let P be the weight of the levei: T and T' the tensions of the cords BG and B'C, R the 
reaction of the pipe upon the lever. For the sake of simplicity we will suppose the cords B G and 
B' G' parallel. Let a be the angle which their direction makes with the horizontal, and • the angle 
of the reaction B with this same horizontaL The oonditions of the equilibriom of the lever D E 
give the three equations, 

F + (T'-|-T)co8. « — Rcoe.« = 0, 
P - (T' + T) sin. a -f- B sin. i = 0, 

and, making D A = A and A O = r, 

F A — Pr — (T' - T)r — Br sin. i = 0. 

The condition of the slipping of the cord upon the pipe requires T' = T^^' ; putting / for the 
coefficient of friction, we make 0'/ = ^ whence T' = AT. 
The equations of equilibrium thus become 

F -f (A -h 1) T cos. a — R COS. t = 0, 
p - (A + 1) T sin. o -I- B sin. 1 = 0, 
FA — Pr — (A — 1) Tr — Br sin. • = 




and 



or 



P - - P - (A - 1)T - B sin. • = 0. 
r 



[1] 



From the first two we deduce 



F sin. • + P cos. I = (A + 1) T sin. (a - 0, 
F sin. a -I- P cos. a = B sin. (a — •). 

If we deduce from these latter the values of T and of B, and substitute them in [1], we 
obtain 

A _ p _ A — 1 F sin, t + P cos, t (F sin, a -t- P cos, a ) sin, i _ 

r * + I * sin. (a — •) sin. (a — i) ~ ' 



a relation from which, by putting 



. ■ - = m, we deduce 
» + 1 • 



F = 



sin. (a — •) 



[2] 



- tan. I 



r (m -f- sin. a) cos. t 

This formula gives a negative value for F, when a is equal to or less ttian •. But in the 
present case • is the atgle of the friction of the lever upon the pipe. Therefore, when the common 
inclination of the cords B G and B' G' becomes equal to or less than the angle of the friction of the 
lever upon the pipe, we have a result incompatible with the hypothesis, which shows that this 

4 I 
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hypothesifl is then inadmissible, and that conseqiiently the apparatus cannot slide npon the 

face of the pipe. 

If the force be exerted in the direction contrary to F, the sign of F must be changed in the 

formnlsB : also, the sliding motion having a tendency to take a contrary direction, we most put 

1 1 

T = T'ffir, or T = - T, that is, the k mnst be changed into -, which is equivalent to changing 

the sign of m ; and, in accordance with the principles relative to friction, the sign of i must be 
changed. The formula [2] thus becomes 

F = . . , ^ [3] 



A . sin. (o — f) 
r (m — sin. a) cos. t 



; — tan. • 



It will be observed that, provided sin. a be less than tn, h may be so arranged as to render the 
denominator positive ; therefore the force F is positive in this case. And the resolt being oompA- 
tible with the hypothesis of the sliding, it follows that sliding may take place. 

The above modes of producing motion is applied to various purposes, among which we may 
mention sawing by machinery^ in which case the wood to be sawn has to be pushed forward while 
the saws ascend ; and weaving by machinery^ where a similar movement of the fabric is required. 

Fig. 2756 represents a verge escapement. On oscillating the spindle 8, the crown-wheel has 
an intermittent rotary motion. 

STBS. 
2f6e. 27B7. 
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Fig. 2757. An escapement. D is the escape-wheel, and and B 
the pallets. A is the axis of the pallets. 

Figs. 2758, 2759. The former is what is termed a recoiV, and tho 
latter a repose or dead-beat escapement for clocks. The same letters of 
reference indicate like parts in both. The anchor H L K is caused, by 
the oscillation of the pendulum, to vibrate upon the axis a. Between 
the two extremities or pallets UK is placed the escajpe-wheel A, the 
teeth of which come alternately against the outer surface of the pallet 
K and inner surface of pallet H. In Fig. 2759 these surfiEUses are cut to 
a curve concentric to the axis a ; consequently, during the time one of 
the teeth is against the pallet the wheel' remains perfectly at rest; 
hence the name repoee or dead'-heat. In Fig. 2758* the surfaces are of a 
different form, not necessary to explain, as it can be understood that 
any form not concentric with the axis a must produce a slight recoil 
of the wheel durixu^ the escape of the tooth, and hence the term recoil 
escapement. On the pallets leaving teeth, at each oscillation of the 
penaulum, the extremities of teeth slide along the surfaces ce and db 
and give sufficient impulse to penduluuL 

Fig. 2760. Another kind of pendulum escapement. 

Fig. 2761. Arnold's chronometer or free escapement, sometimes used in watches. A spring A 
u fixed or screwed against the plate of the watch at 6. To the under-side of this spring is attached 
a small stop cf, against which rest succes- 
sively the teeth of the escape-wheel B; 
and on the top of spring is fixed a stud •', 
holding a lighter and more flexible spring 
which passes under a hook k at the ex- 
tremity of A, so that it is free on being 
depressed, but in rising would lift A. On 
the axis of the balance is a small stud a, 
which touches the tlrin spring at each 
oscillation of balance-wheel. When the 
movement is in the direction shown by 
the arrow, the stud depresses the spring 
in passing, but on returning raises it and 
the spring A and stop d, and thus allows 
one tooth of escape-whoel to pass, letting 
them fall immediately to arrest the next. 
At the same time that this tooth escapes, another strikes against the side of the notch g, and restores 
to balance-wheel the force lost during a vibration. It will be understood that only at one point is 
the tree movement of balance opposed during an oscillation. ' 

Fig. 2762. Stud escapement, used in large clocks. One pallet B works in front of the wheel, 
and the other at the back. The studs are arranged in the same manner, and rest alternately upon 
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the front or bAok pallet As the curve of the pallets is an aio described from F, this is a rtpou 
at dead-beat escapement. 

Fig. 2763. Duplex escapement, for watches, so called from partaking of the characters of the spur 
and crown wheel. The axis of balance carries pallet B, which at every oscillation receives an impulse 
from the crown teeth. In the axis A of balance-wheel is cut a notch into which the teeth round the 
edge of the wheel successively fall after each one of the crown teeth passes the impulse-pallet B. 

2764. 



atex 




=cC!rai§^ 



itesw 




Figs« 2764, 2765. A cylinder escapement Fig. 2764 shows the cylinder in perspective, and 
Fig. 2765 shows part of the escape-wheel on a large scale, and represents the different positions 
taken by cylinder A B during an oscillation. The pellets a, 6, c, on the wheel rest alternately 
on the inside and outside of cylinder. To the top of cylinder is attached the balanoe-wheeL The 
wheel pallets are bevelled^ so as to keep up the impulse of balance by sliding against the bevelled 
edge of cylinder. 

Fig. 2766. Lever escapement. The anchor or piece B, which carries the pallets, is attached to 
lever E C, at one end of which is a notch K On a disc secured on the arbor of balance is fixed a 
small pin whieh enters the notch at the middle of each vibration, causing the pallet to enter in 
and retire from between the teeth of escape-wheel. The wheel gives an impulse to each of the 
pallets alternately as it leaves a tooth, and the lever gives impulse to the balance-wheel in opposite 
clireetions alternately. 

»««. ««. "«• 
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Fig. 2767. An escapement with a lantem-wheel. An arm A 
carries the two pallets d and C. 

Fig. 2768. An old-fashioned watch escapement 

Fig. 2769. An old-fashioned clock escapement 

Figs. 2770, 2771. A clock or watch escapement; Fie. 2770 
being a front elevation, and Fig. 2771 a side elevation. The pallet is acted upon by the teeth of 
one and the other of two escape-wheels alternately. 
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Fig. 2772. Balanoe-wheel escapement 
escape-wheel. 



is the balance; AB are the pallets* and D is the 

4 z 2 
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ESOAI^MENT. 



Fig. 2773. A de«d-b«ot pendnlom esoapemeni Ths iimei face of the psUet B uid ontar &O0 
of D ue ooDoentrio with the mis on which the pallets Tibrata, and hence there ia no recoil. 

Fig. S7T4. Pin-wheel escapement, aomewhat re««nbling the stod eacApement shown by Fig. 
2762. The pins A B of the eacape-wheel are of too diO'erent forma, but the form of those <hi tM 
tight ride ia the bMt One advantage of this kind of ea«»pemetit la that If one of the pina k 
dunaged it can eaail; be lepUoed, wtiereaa if a tooth ia damagied the whole wheel ia rninei. 




Fig. 2779. A sbigle-pin pendnlmn eaoBpement. The escape-wheel is a very anall diso with 
single eooentrio pin ; it mskea half a rerolution for every beat of the pendnlnm, giviDfc the impnlM 
on the npright faoee of the pallets, the horisontal fiusea of which are dead ones. Thu can also ba 
adapted to watohea. 

Fig. 2776. Three-legged pendolnm eseapement. The pallets are fi»med In ao opening in » 

Elate attached to the pendnlmn, and tbe thrae teeth of the esoape-wheel (qterste aa the upper and 
iwer pallets alternately. One tooth is shown in ojtemtiOD on the upper pallet 
(^. 2777. A modiflcotiou of the alMve, with kiig stopping teeth D and £. A and B are the 

Fig. 2778. A detached pendnlnni esaspemait, lewring the pendnliim P free or detached trom 
the escape-wheel, excMit at the time of reoeiving the impolse and unlocking the wheel There ia 
' ' IB [nllet L whioin reoeivM impnlM onlr during the Tibrations of ttie peodulnm to the left. 

., ■ T . .. i.__i — 1^ jjj^ beftae the time fta' giving the impnlse, when it is 

j_i — ._.!.. - -id Jjnm returns to the right, the 



The lever Q locks the eaeape-wbeel until Jnst befcm the tune lor giv 
unlocked bv the click C anacbed to the pendulom. As the pendnln 
dick, whi«i osoiUates on » ptfOt, will be poshed aside by the lever. 





t, and ttie weight of the pallet gives the impnlse. 
Fig. 2780. Tbxt^-UfsgiA gravity esmpeDwnt. The Hfling of the pallets A and B is done by 
the three pins near the centre of the escape-wheel, the pallets vibrating from two centre* nenr Um 



EVAPOBATOE PAN. 
of the pendulum. The eeoape-wbeel ia locked by n 



1446 



point of nupention of the pendulum. The eeoue-wbeel ia locked bj UMOi of itope D aad E 
IbenUeU. "^ 

Fig. 2781. Doable thTe»^Iegged gntTity eeopement. Two lockiitg wheels ABCaod a6o ue 
hen used with one set of lifting ptni between them. The two wheel* ue set wide enoueh spert 
toiiilow the p^eta to lie between them. The teeth of the flnt-mentioned locking wheel ere 
■topped by a atop-looth Don one pellet, ud tbceeof the other one by k itop-tooth E on the othoi 

Fig. 2782. Blonm'B greTitj eeoapement. The pelleti ue lifted »lteni»icly by Ihe aDwIl wheel, 
and the •topping ia done by the action of the atopa A and U on the Urget wheeU E and F are 
the rork-piiu which embraoe the peodulain. 

Fig 2783. Chronometer eeoapement, the form now oommonly oonalmcted. A« tb« b*bu)oe 
rotate! in the direction of the arrow, the tooth V, on the rerge, prceaea the paoaing apring agaioat 
the lever, preaaing aside Ihe lerer and rcmoring the detent ftom the tooth of the eecApe-wheel. 
A» balance retuma, tooth V preasea uide and paaaea apring without moling loTer, which then rata 
agauut the stop E. P ia the only pallet upon which impolae ia given. 




Fig, STM. Lerer ebroDometer Moapemeai In thla the pallet! A Band lever look like thoeeof 
Ihe level aackpement. Fig. 37C6; but theae palleta only look the eaoape-wheel, having ik> impulse. 
Impnlao la jrivoi tv laeth of CMape-wbeel diraoti v to a pallet attaohed to balance. 

Tfig. STw. O. F. Beed's natent anehor and lever •eatpemsat for walohee. The lever fa eo 
ftppliM In eaabiuatioa with Muonomeler eaoapement, that tbe whole impnlae, balanced in one dl- 
notiaii, ii traiumittad through lever, and the whole Impulse in the (^poeite direction ia transmitted 
directly to chrimoaMler impals»-pallet, locking and unloeklDg the osoape-wbecl but once at each 
iafMilae f&n^ br •*ld wbeeL 

Fig. 2786. a. O. Onemsev's patent eeoapement for watehea. In this eacapement two balance- 
wheels ar« employed, carried Dy the aame dnving power, but oaoillating 
In opposite direotioas, for the purpose of eonnteraoting the effect ^ '^**- 

any tndden jar upon a watch or timepiece. The jar which would 
aooeleiate motion of one wheel would retard the motion of other. 
Anchor A is secured to lever B, having an interior and eiterior toothed 
segment at its end, each one cf which gean with the pinion of balanoe- 

E8CAFE-TALTE. VR^SaupapKUtnppleiniGKK^ftiiMVaUa. 

See Watkb-womci. 

EVAFOBATOK FAN. Fa., CSaMdOr* fi>aporatoirt ; On., M- 
daw^fpfanii« ; ItiL., Apparttchiu drfvaporaiioiu ; Span., Cdpiula, 

Sugar Evaporaling Apparatus. — In concentrating cane-juice, after It has been expresae I by the 
cane-mill, a variety of proceaaea haa been adopted; the spparatna meet genetsJly in uae ia onlled 
the Battery, and oonalata of five or lii pans all placed in a line, eech less than the preceding one 
in the proportion that the liquor is concentntted. The liquor is Snt put Into the Urgeet pan, and 
ladled from one to another suooeeslf eiy till its arrival at the last, called the finishing teache, in 
which the sugar is brought to the required densitf. It is thence taken to the curing house, where 
it ia placed in anitable vessels for sllowing the oara|dete drainage of all the molsaaea or unor^stal- 

linble portion, a larRs part of which, however, can be leadtted inl ' *"'" '"*'■ '" 

mostly effected in raJncric*. 




d into ngat by reboiUng, which b 



series of thiu hollow disca 
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In tlie batterr -ptoeem the f^KAteet danger utsee near the termmatlon of the bailing in the 
teaches, nndei which the fire la imioediateljr plaood. The deniitf to which the ingar ba« been 
brought rendera oaibonimtion difScolt to be avoided at this stage of the prooew, and great eare 
)■ necesmy in the manaKement of the fire. 

To meet these diffionltieB, the appantiu, ihown in Figs. 2787 to 2789, baa been fntrodnood, by 
which the TeqniBite degree of oonoentiatioa can be arrived at, without the poeaibilit; of applying 
a temperature iDJnrioiuly high. 

The Bour pan, named after the investor, and now ancoeaifall; in operation in many of o — 

eng:ttr-growing colonieg, is shown in PigB. 2787 to 2789. " '"'* '' ' '"■'" "■"" — ■"" 

of copper A A, scoorely fixed upon 
s central axis B. The discs ara 
heated and maintained at a aniform 
temperature by steam, which entem 
at ODe end through the hollow axis 
B. A section of the axis is a cross. 
Fig. 2789, the edge of each portion 
having a flange set to one aii 
forming longitudinal groovea, thi 
use of which is to retain the — 
densed water from the steam, buu i 
deliTsr it at the extreme end of ttie f 'S 

axis. The axis ia about 9 ft. long, 

and baa fitted upon it tea hollow 
discs A A, 8 ft. in diameter. In the 
iDside of each disc are two apoons 
C flxed to one side of the disc, and 
rnoaing from the oentro to the cir. 
eumfereuce; tliese oollectthe wat«' 
of oondensation fiom the ateam, 
and terminate in tubea. delivering 
the water into the longitudinal 
grooves in tlie axis B. On the out- 
side of the dbffis are a series of amall 
buckets D, which lift the liquw as 
the discs move round, and being 
open at the aides, allow a quantity 
of it to be distributed in a thin 
equable film over the entire portion 
of the inrface of each disc that ia 
not immersed in the liquid. Thia 
is a feature in the machine that ia 
peculiarly favourable to the libera- 
tion of water from the liquor un- 
dergoing concentration, when it apprMche* the density Decenary for flniah. Theaiia B ia mounted 
on a frame E carrying a flat shallow pan F, the bottom of which is curved to a radius about If 
inch louger thaa that of the discs; into this pan the cane juice is put, after having been evapo- 
rated in open pans to 2S^ or 30° Baume. When the ooncentration has been carried k> the required 
degree, the remaiuiug liquor is run out of the pan by a valve and pipe O. 

The discs are made to revolve about ten times a minute, and are driven by a strap and pulley H 
on the axis B. The extianst steam from a high-presstire engine is made to enter at one end of tho 
hollow axis at 2 lbs. a square inch pressure above the atmosphere, and the large amount of heating 
snrfaoe which the discs expose for the steam to act apon is the source of the etliciency of the appa- 
ratus as an evaporator. The low temperature under which the process is effected, the liquor never 
exceeding 170 ' Fahr^ rendera it peculiarly adapted for the Colonics, where skilled labour is very 
expensive, and in many places cannot be had. 

The adoption of the Bour pan supersedes the nse of the teache in the battery, and the granula- 
tion of the sugar is flniahed at a much lower temperatore than by the teache, thereby avoiding nuy 
tendency to carlyinization of the 
sugar. An apparatus designed for 
tliesame object has been previously 
iotroduoed under the name of the 
Wetzel pan, so called from its in- 
ventor. A side elevation of this 
apparatus is shown in Fig. 2790. 
It consists of two hollow discs 1 1 
oonnected by a nomber of horizon- 
tal tubes K; steam ia admitted to 
one of the discs through the hollow 
axis, and passes through the tubes 
to the other disc, in which the 

water of oondenBatJon oollects and is earried off through the axis at that end. In the use of tho 
Wetzel pan it vaa fonnd that the crystallization of the sugar is most perfect at the two end discs; 
and thin circumstanoe led to the adoption in the Bour pan of a series of discs in place of the tuIieB, 
whereby the whf)le appeiBlus DOW produoei the superior crystals that were previously obtained 
only from the two end discs. 
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EXCAVATION. Ft^DAiai; Ihmcli^t; aKR.,EinKliaiU; It Ah., Soai)o,Sltrro;Brul^I>ttBioiae. 

See Bmbankmeht. 

EXHAUST-PIPE. Fh, Tit!/m trtclujppetnmi a vapnr; QiB^ JturfrAnniAr ; Itai-, Tabo iH 
*/ogo ; Span., Tnio lU etoape. 

See DvTAiu or Emoiho, p. 1173. Locomotive. 

EXPANSION QEAB. Fb., lUaotitmt dt dittributitm da la tapeur ; Geb., Expamuma Stevenmij ; 
Itjl., Qmgtgiia dfetpcauioiit ; Spam^ Saijulador. 

See EnuBtt, Tarirtia a/. 

EXPANSION JOINT. Fb., JoiM glitaaat ; Qis., £ipaMi'inu-r0Aimc«H>iiu/uii^; Ital., Canoivn- 
lioru a dilataiiaiu ISitra. 

An ixpantion joint is a pipe m formed aa to be ooapresBed eodwise bjr the eipBOaion of the 
metal by teat. 

EXPLOSIONS, Boiler. Fr., E'jjWmwii ifei chaadiii^t ; Gbb., Zcnpringm oder Plalm der Kesiel ; 
Ital,, Ktphtima ; Sfam., Eapioaiimei. 

ETELETTINQ MACHINE. F&., JfooUiw a ptrc«r fo ailUti ; Orb., fcAndrtofA ^loumoKUM ; 
Ital. JfaccHina da occhiellare ; SpaH., iMfuma pain Aac«r lyelti. 

Tm EyttttUty MacMiu of Timothy E. Reed ia ver; complete ; it baa a hopper K, Fig. 2791, no 
incliDed aboot O leading thetefrom, aod a strik tog- 
up anangemenL The hopper K la oylindrtcal 
and placed in an inclined pdmlion; within it a 
bruah radiatea hoiiaontallj m>m the centre, nearly 
half-ira; round the ciroiimferenoe, and, bya rock- 
ing movement of the Btimdanl I, presses the oye- 
'-{a through properly-shaped latenl openings in 
e perimetai directly into the aboot, with tbeii 



flaring or flange parta down aa bb to keep the 
ahoot full of them, a spring stop at their low 



ahoot full of them, a spring stop at their Ic .. _ 

end preventing their escape. The die, which 

forma the new flange, is flied in a socket C, over 

its end, and beneath the die a pin o passes up 

loneely through an anvil fixed to tho frame B, 

through the lowest eyelet and through the work 

to be eyeletted. The movement of the lever Q 

elevataa the ahoot and carries it oat of range of 

the striking-np arrangement, the spring stop 

yielding ia the lateral movement of the shoot. 

The hopper being oonnected with the shoot is 

thus brought to a Ie«8 inclined position, and tlie 

bruah within the hopper ia rooked by the same '■ 

movement. When these paita deacend, the guido- 

pin K goes down into its socket, 

FAN. Fiu, VmlUahnr, ifaoAiM toafflint; 

Gib., VmiiUxlor, Windnid; Ital,, Vmtilaton. - 
A Ftm is an instriuaent used for producing 

artificial currents of air, by the wafting or revolving Btotlon of a broad surface bjmmetrically 

formed, 

GuiiaTa VfHiilntiwi /bit,— J. S. E. Swindell, in P, I. H. E., states that this ventilating Ian i» 

employed for the entire ventilation of the workings of the Homer Hill CoUierr, wbich ia situated 

at Cradley, nesr Stourbridge, at the s<iuth-west of the South Staffordahiro ooal-fleld, and cunsists 
of about ninety acres uf the Thick or Ten- Yard coal. The oollierv baa been in operation betwfen 
three and four years, and the plaol and machinery are capable of raising 600 tons of coal a 
day. 

The ocal senm in that Iceality is very much cut up by nntncroua fanlta, as shown by the section 
of this oolliery in Fig. 2792, which is taken along the line A B C D upon the plana, Figs. 2793, 
2794. In the section. Fig. 2792. there is, beginning at the right-hand side, a piece oF cou^ extend- 
ing 200 yds. distance ; then a down-throw at A, brmgioK the top cool to face the bottom ooal ; 
then a leoRth of 380 yds. from A to B, followed by another down-lhrow of 31 yds. from B to C ; 
then a length of 300 yds., and an up-thron of IA yds. at D ; and atill farther to tlie west two or 
three smaller faulta. These fanlts, together with numerous fiKsnres, or black thiuga, cause the 
ventibition of this colliery to require moro than ordinary care; and it is from one or these last- 
named flssores that tlie gas which caused an unfortunate explosion in this colliery about three 
years ago ia soppoeed to liave issnod, having been brought down by the falling roof or shut. Two 
ahafts have been sunk, as shown in the s^inn. Fig. 2792, each 7 ft 6 in. diameter. The down- 
east shaft is carried to a depth of 202 yds, for getting the lower portions of coal lying between the 
two largest feutts ; and tho upcast shaft is sunk to a depth of only 1G5 yds. to the up|,er portion of 
the coal. Ajadtey pit 19 yds. deep, and an inclined road, connect the lower and upper portions 
of the seam, and by means of this pit and road the air of the ventilation current returns from the 
lower workinn to the upcast shaft, 

Coala are being raised at l>oth shafts in cages having a sectional area in plan of 20 aq. ft., thus 
leaving for tho passage of the sir in the shafts by the side of the cages an area of iibout 24 eq. ft, 
the total sectional area of each shaft being 44 sq. ft. Previous to the application of tho present 
mechanical ventilation, when the extent of the workings was small, and only natural ventilation 
fnro the beat of the workioKs was used without the aid of a furnace, it was found that the cages 
•etiiig •• piitoni ia the shafts reversed the current of air every time Ihcy aseouded or deacendwJ ; 



and tho toOMqaenee was tbat, if during^ the time the onlliery vraa rtandtni;. b&; ttom BatnHsv 
ODtil Monday, > nuantitf oT km had aoenmiilated at (he workins fooes; thu bad to be driveii 
badtinTds and furnaida, and iu fact obnrned up vith the air, until sniBoiently dilated to allow of 



men entering the work- Vm. 

inga. This slate of cir- 
ciunatanoea. eopeciallj 
with rapidly extending 
workinn, oonld not be 
alh>wed to go on : ami 
it wa« oonaeqaentlT tan- 
gMted by Birindell that 
a mochanioal ventilator 
alioold bead(^)ted. Aa, 
boveTcif, a iw*fhaiifi^l 
Tsntilator had never been 
used previoaaly lor the 
^hick oool wmUnga, it 
hud to be oonaidwed 
whether a ventilating J 
fomaoe woold not be J 
better for the pnrpoee ! 
bat after the qufetioa ' 
liad been thOTonghly . 
gone into^ it «a* deoided 
to adopt mednnkal ven- 
tilation, and the plan of ^ 
ventilator to be em^oyed 
had then to be deler< 

Amongit thg earlier 
plana for the mechanical 
ventihitlon of mines, 
fitmv^B ventilator wbSx 
inlrodneed in Sonth 
Walea twenty yean awi. i 
It Is shown in Fig. KTOS, 
and Is a large nnrnp, 
oooeisting of a pair of 
Inverted ojltndrlcal ves- 
•elslike Ktuholdera, each 
18 ft. lUauMter, which 

■J* iroAed np and down alternately with a B-ft, stroke in annnhir tanks of water contained within 
cloeed chambers. They thus produce the effect of dooble-aoting pnnipa. drawing in the air frora 
tlie pit at the top and bottom of each vessel alternately through large Inlet flap-valvet. and dis- 
rbarging the air m oollected at the next stroke throagh oorreaponding outlet flap-valves. Tlie 



ynukiDg «t fire dotJbU atrokea, ot 60 (t a minute, deliTen 13,000 onb. fL of ui a minute. 




Lemtelle'B mkUktcr was naed extendvelyat that time in ths oollferisa of Franm and BelginiL. 
It !■ ahowD in plan in Fig. 2796, and oonslsta of a horizontal hezamuial dnun reTolTing eccenlrio- 
all; within a o^lindrloil amng, 14 ft. diameter and 7 It. deep, and oarrying three vaoea, which 
are made to open and clow dimng each revolution by eeoentrio armi, like a feathering' paddle- 
wheel; the drnm works close against one sid — ' *'■- — ■" — —-' — — » - .i — — .>.- 

oppiMite sida onl^. By the rotation of the d 

oa^Dg and dlKhArged at the other side, iu ■ ^ 

Eorms of mtary engines. This Tentilator working at twenty-one revolntions a minute deliveted 
lfi,000 cnK n. of air a minnte, with « vacuum of - H in. water^nge, the velocity of the tips of the 
vanes being 900 fL a minute. 

The simplest form of mechanical ventilator was Nasmyth's ventilating fan. This ventilator, 
Figs. 2T97, 2798, consists of a simple fan with eight radial vaoes, 13} (I diameter and S} ft. 
width, driven direct by a small vc*-- 



at the two sides ■ . . 

loond the citenmfereiioe ; and itdraws 
the ail iu at the centre on each side. 
It ran at a Eneed of sixt* revolntions 
a minnte, or 8900 (1. a mmate velocity 
of the oircnmferenoe, and delivered 
45,000 onb. It. of sir a mfnnle; tlie - 
lineal velocitf of the air-cnrrent in 
the npcast shaft was 600 ft. a minnte, 
with a vaounm of - 5 in. water>eange. 

The two mechanical venWators 
Itrst referred to involve a oompliea- 
tion of coDstniction and a Mnseqntal 
risk of aooidental derangement and ' 
stoppage, which form a serious objeo- | 
tion Ui the introduction of mechsntcal ^ 
ventilation in the place of fnmiice i 
ventilation; bnt the fan ventilator, 
says Swindell, is so simple, compact, 
and substantial in its oonstrnoticm, as 
to be fires firom this objeotloa. 

Th« Onifaal fiui b reptescoted in ^ 
working otder in Figs. 2790, 2800 ; S 
Fig. 2799 being a longttndinal section, ^ 
and Fig, 2S00 a aide elevation. 

The ventilating fan F is 16 ft 6 in. diameter and 4 ft. 9 in. wide, and is <lriven by a horiiontal 
steam-«ngtne K. fig. 2799, coupled direct to a onuik on tiie slwft of the fan. The engine is shown 
in plan, Fig. 2801 ; it has a 10-in. cylinder with 16 In. stroke, and I* made of simple conatmctfan, 
veiT stnox sod durable. The steam for working the engine is supplied finm the winding-engine 
boilers at 30 yds. distance, by a 3-in. pipe laid in sand undergionsa, the pressure of steam being 
40 lbs. a sqnare inch. 

The ventilator ooosists of an enter casing of brickwork E. Pigs. 2799, 2800, the rotatinf; fan P, 
an adjnstable shntter G at the discharge oriflos, and an outlet cliimney H. The easing E is a ring 
of briokwcrk 14 In. thick, about two-thirds of the cironmforence being a circle concentric with the 
fan, and the remaining portion eccentric and with a larger radius, so as to enlarge the ««sing 
gradually towards the point of discharge. The npper portion of the arch springs from a cast-iron 

Slrder J, Fig. SSOO, which extends across the tniening Into the obimnej, and Is formed of a wedge- 
laped section to connect the two lines of brickwork. The side of the chimney, which fonn* the 
eontinustinn of the bottomof the casing, is carried up Inclining outwards, thus gnidunllir Increasing 
the sectional am of passage up to the top ,- the other three sides of the chimney being vertical, . 
Figs. 2799, 2S00. The sides of the fan-casing E are closed by vertical walls of brickwork 20 in. 



thick ; Mid B DlnmlBr opeDlng 6 ft. 7 in. diftroeter Is mftds In the oentre of oaa aide tor Bdmittkig 
tlie air fnjm the mine to the fan. ThUopenin;? is oonnaotod bj a drift L with the npoMt ahaft M; 
the drift is 35) sq. ft. In sectional am and 13 ft. long. 




Th» centre framing of the ha cmsiats of two caat-iron octagonni contrea 4 It 7 in. dianivtor, 
which are kcjred npnn the main shaft made of wmoght iron 7 in. diainoter; and on encti of the 
Bight aides ot these oaatinga is bolted a wrouglit-iron aim made of a flnt bar 3} in. bj > in. ; tbeae 
anna are bolted together where tbejcrosaone another, so as tuform a strong and li^ht IrHine. The 
eiglit ranea of tba fim are made of 1^ in, deal, bolted to sntcle-irona that are nreted upon the 
wronsht'iron arms : thennsa are each 4 ft. 9in. wideandS ft. Tin. long, givingan area of 2<; sq.ft., 
and they work with 1 in. olearnnce at each edge from the aide walls and 2 in. clearance from the 
circumference. Saoh vane is inclined backwwiis through the inner half of its length at an angle 
of 45'' from the ladial direction ; and tlie outer half is curved forwards to the extent of 10 in. at 
the end. The inner ends of the vanes extend to 3 ft. 2 in, distance from the centre, the olenr tpaee 
in the centre being about | of the diameter of the fan. The outer end of the fan-ahaft works in a 
carriage fixed upon a oost-iron girder N, wliich eitouds acroas the inlet opening in the side wall of 
the fan-casing B; and the inner end of the shaft is carried npon the engine-bed. Figs. 2799 and 
2801. When the fan is mnning at its usual workin;:; apeed of twent;-aii revolutions a minute, the 
outer ends of the vanes move at the speed of 1350 ft. a miaute, but the ipeeA of the engine-jHston 
at the same time is only TO Ft. a minute. 

The odjuataMe alidicg uhuttor U, Fig. 2900, nt the ootlet side of the fan -casing. Is made of 
l^ln. deal boards similar to tboao of the vaoes of the fao, sliding in oast-iron grooves that are 
bidlt into the side walla; those groovea are made to the same circle as the um>cr part of the fan- 
oaaing. with ttie same clearanco from the tips of the vanes. The boards formmg the sliding 
flhattar are boltud to flexible strips of hoop iron, so as to allow of their freely following the curved 
groove ; and the shutter can be raised or lowered as desired hf means of a chain passing over a 
pullOT near the top of the outlet chimney, with a balance- weight 0, Fig. 2800, the up^ end of 
the snutter sliding up within the chimney. This adjustable shutter is ^ed in the varying condt- 
tiona of the underground workings, for securing the most effective results from the fan by adjusting 
from time to time the area of discharge-opening in aowrdance with the quantity of air to be dia- 
chargsd at any time. The opening of the outlet chimney is 3 fl, 3 in. by 4 ft. 1 1 in, at the bottom, 
and increases to 6 ft.b]r4 ft. 11 in at the tnp, giving an area of discharge of 20'4 aq. ft The total 
height of tlie chimney 1^32 ft. from the bottom of the fan. 

In applyingthevaDtilatingCaiiat Iheoolliery.ananuigemBDtbad tobemsdeforconringtliB 
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top of the npcAst shaft, in order to prerent the air from being dra^rn in by the ventilator at the top 
of the shaft instead of from the workings below. There were two ways of doing this; either to 
enclose and cover a sufficient extent of gronnd round the shaft for allowing the tubs to be changed 
within dosed doors ; or to haye a movable cover over the shaft, to be raised like the ordinary fence 
at the month of the shaft every time the cage ascended. The latter method was adopted as the 
simplest and most convenient, and it has been found to answer every purpose. The movable cover 
of the shaft, as shown in Fi^. 2799, consists of a rectangular wood dox P, about 6 ft. square and 
8 ft 6 in. high, upon which is a pointed roof with a how 8 in. aquare at the top for the winding 
rope to work through; and this hole is covered with a loose sliding piece of wood, through which 
the rope works in a close-fitting hole, so thai every time the rope oeoillates laterally this sliding 
piece moves freely with it in any direction, without uncovering the larger hole. The movable oqyer 
IS connected to two balance-weights B by chains passing over pulleys fixed at the top of the con- 
dnctors ; and the cage every time it reaches the top of the shaft raises the cover, as shown by the 
dotted lines in Fig. 2799, the strain being relieved from the winding rope by the balance-weights, 
so that the cover aa now balanced is not ao heavy on the rope as the ordinary fence at the other 
shaft. 

The course of the current of air in the workings of the colliery ia shown by the arrows on the 
plans, Figs. 2793« 2794. The current passes ttom the downcast shaft to the first split at a depth of 
165 yds., where tiie greater portion passes along the gate roads for a distance of 810 yds. m the 
upper workings, returning by the gate roada and air-h^d for 500 yds. distance to the upcast shaft. 
The remaining portion of the in-going air descends to the second split at a depth of 202 yds., 
and passes along the gate roads 580 yds. to the lower workings, returninjg by the gate roads and 
jackey-pit and air-head, 710 yds. distanoe to the upcast shaft. Here it joins the retium air from 
the first split ; and the whole quantity of air passes into the ventilating fan through the inclined 
drift L, Fig. 2799, of 43 ft. length, whioh goes off ftom the upcast shaft at 6 ft depth below the 
surface. 

The fan is kept running in ordinary working at about tWenty-six revolutions a minute, at which 
Bjpeed 18,600 cub. ft. of air a minute pass into the ventilator with a vacuum of 0* 15 in. water-gauge. 
This supply of air is found to keep the workings well ventilated, their average temperature being 
only 54^, and only 60^ in the hottest portion of the workings even when the temperature was 75^ at 
the top of the downcast shaft on the hottest day observed. The fan can be got up to full speed from 
standmg, in only about one minute's time. At the speed of sixty-five revolutions a minute, 
87,500 cub. ft. of air a minute pass into the ventilator, with a vacuum of 1 * 02 in. water-gau|^e and 
at the extreme speed of ninety-six revolutions a minute, 51,700 cub. ft. a minute pass into the 
ventilator, with a vacuum of 1*75 in. water-gauge. 

Vihen the ventilator is standing still with the adjusting shutter wide open, about 9130 cub. ft. 
of air a minute pass through it from the natural current of ventilation due to the heat of the work- 
ings. When the ventilator is stopped after running at twenty-six revolutions a minute, and deliver- 
ing 13,600 cub. ft. of air a minute, the quantity of air passing through it in the sixth minute after 
stopping is 4260 cub. ft, and in the sixteenth minute 4080 cub. ft., the adjusting shutter in thia 
case being only half open. When it is stopped after running at sixty-five revolutioDs a minute, and 
delivering 87,500 cub. ft, a minute, the air passing through it in the sixth minute afterwaids is 
4790 cub. ft., and in the sixteenth minute 4400 cub. ft, the shutter being half txeu. 

The lifting of the cover at the top of the upcast shaft, and the passage of the cages in the two 

shaft«, affect the vacuum in the fan drift in the following mann^, as shown by the water-gauge 

placed about midway in the drift, when the fan is running at about sixty-five revolutions a 

minute. 

Wattr-Gaoge. 

Cover open and cage empty 0*95 in. 

Cover dosed and cage standing still I'lO » 

Cover closed and cage beginning to descend in upcast shaft 1 *25 ,, 

Both cages half-way in the two shafts 1*45 „ 

Cage reaches bottom of upcast shaft I'l*^ «* 

Cage ascending in upcast shaft 1'05 „ 

Both cages half-way I'OO „ 

Cage at top of upcast shaft and empty, and cover open as at firbt .. .. 0*95 „ 

Whilst the cover is open at the top of the upcast shaft during the changing of the tubs, ^ of 
the total quantity of air passing into the ventilator is drawn in direct from the surface throufi;h 
the open top of the shaft, occasioning a momentary loss of that amount in the ventilation of tne 
workings. This occurs about once every minute when the pit is in full work, and the cover 
remains open for about six seconds each time, or ^ <^ the whole time of working. The total 
loss of air from the uncovering of the pit top amounts consequently to less than ^ of the whole 
work of the ventilating fan. 

One object in the design of the Guibal ventilating fan is to discharge the air into the atmo- 
sphere with as low a final velocity as possible ; because whatever excess of velocity there is in the 
discharged air beyond the velocity of the ascending current in the shaft is an absolute waste of 
power. The ascent of air in the shaft at the Homer Hill Colliery being 18,600 cub. ft. a minute 
with the ventilator running at twenty-six revolutions a minute, and the sectional area of the shaft 
being 44*2 sq. ft., the velocity of the current of air in the shaft is about 800 lineal ft a minute. 
The velocity of the air in rotation at the circumference of the fan at the above speed of twenty-six 
revolutions a minute is 1350 ft. a minute, or 4) times the velocity of the ascending current in 
the shaft; but the area of the orifice of the outlet chimney being 29*5 sq. ft., the air cannot have 
a greater velocity at its exit, if it fills the outlet chimney, than 460 ft a minute, or only 1^ tiroes 
the velocity of the current in the shaft. The surplus moving power in the quicker moving air 
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at the extremities of the fan aAns is therefore restored by the retarding of the current at the 
outlet, instead of being lost, as would have been the case if the taa had discharged direct into the 
air round its whole circumference. 

Another object in this ventUator is to obtain the maximum useful effect of the fan under each 
of the varying oiroumstanoes under which it has to work in order to meet the requirements of the 
mine yentilaSon ; because the fan can only work to the best advantage with the exact area of 
diseharge opening that is suited to the quantity of air to be discharged in each case, and the 
resisting pressure at that particular time. If the dischaige opening is too large, a back current 
into the fan from the upper part of the discharge opening is produced, causing a waste of power 
by putting useless air into motion ; and if, on the other hand, the discharge opening is too small, 
an unneoesBftiy resistanoe to the discharge of the air is produced, with a consequent waste of 
power. 

The followinff ease that ooourred at the Homer Hill Colliery will illustzate the facility with 
which the ventilator can be immediately adapted to any alteration in the requirements of the 
ventilation. . A length of about 70 yds. of gate road having been cut off from the course of venti- 
lation, it soon became filled with gas ; and in order to remove the accumulation of gas, and allow 
the men to enter this portion of the workings, a dam sheet was put across the in-going airway, 
just beyond the entrance to the gate road that had to be cleared of gas, thereby partially stoppins^ 
the passage of the air-current ; and an air-pipe was carried from the entrance of the gate road 
through a fixed dam into the return air-passage. The ventilator was then set running at double 
speed, about sixty revolutions a minute, thus maintaining the ordinary ventilation of the pit by 
drawing tiie same quantitv of air past the sides and bottnn of the dam sheet as had previously, 
with the ordinary speed of twenty-six revolutions a minute, been passing through the unobstructed 
airway before the oam sheet was put up. The remaining portion of the air being forced into the 
gate road that was charged with gas, began immediately to drive the pas forward through the 
air-pipe, and the gas was cleared from the gate road as fast as the air-pipe could be eibtended 
along it from the entrance by laying doWn additional lengths of pipe ; the whole of the accumula- 
titm of gas was thus dearod out in the oouise of a few minutes throughout the entire distance, 
withmit interfering with the regular ventilation of the pit. 

In the use of the ventilating fan, as the ventilation of the pit is dependent upon the continuous 
working of a piece of machinery, it has been contemplated to provide by the erection of a duplicate 
engine and fan against any accident happening to the machinery ; but the construction of the 
engine and fkn is so simple and durable, and the wear and tear so slight in oonsequence of the 
very moderate speed of working, that no such provision of duplicates has yet been made in any 
instance ; and in the writer's opinion it is only in the case of a fiery mine that any such provision 
will reidly be required. The liability of the ventilator to get out of order is exceedingly small ; 
and no aooidento of any oonsequence to the maintenance of the ventilation have yet occurred with 
any of the fburteen ventilators now (1869) at work at differont mines, some of which are as large 
as 80 ft. diameter and 10 ft width, aiid capable of delivering 100,000 cub. ft. of air per minute with 
a vacuum of 8 in. column of water. 

At Pelton Golliery, in Durham, whero one of the Guibal ventilators has roplaoed a ventilating 
furnace, the following is the comparlBon of the two modes of ventilation. The depth is 180 yds., 
and witii the furnace the average tomperaturo was 2So^ in the upcast shaft, the quantity of air 
oiroulated 48,000 cub. ft. per minute, and the vacuum 0*9 in. water-gauge; and the consumption 
of coals was 90 tons per fortnight. With the fan the consumption was 60 tons per fortoight, with 
nearly double the quantity of air supplied, or 82,870 cub. ft. per minute, and a vacuum moro than 
double, or 2 ' 15 in. yoater-gauge. In order to obtain such an increased volume of air with the furnace 
ventilation, so high a temperatnro would have been required in the upcast shaft as probably to be 
impracticaole ; and the consumption of coals would have been increased to about 290 tons a fort- 
night, instead of the 60 tons consumed by the fan for the same work. 

Thus whero the fan has replaced the furnace, it has been proved by actual comparison that 
the economy of ooal resulting from the change is very gre^t. H, indeed, fuel were the only con- 
sideration, there would no doubt be a certain depth of shaft, combined with other conditions, at 
which a given quantity of coal could be burnt in a furnace so as to produce a current of ventilation 
equal to that produced by the consumption of the same quantity of coal in raising steam for 
working a ventilating fan. Such a depth, however, could not be less than 400 yds., and would 
involve an extraordlnarv high temperature in the upcast shaft with the furnace ventilation. The 
presence of oast-iron tubbing in the upcast shaft, even though protected with fire-bri<^ and also of 
pump or steam pipes, is a very serious objection to the adoption of a furnace ; and when the upcast 
shaft is a working shaft, the wear and tear becomes very great, and the heat and smoke from the 
furnace render tne shaft almost useless for men to work in. In the case of the Homer Hill 
OoUiery it is estimated by Swindell that to produce a current of 4.5,000 cub. ft. a minute, with a 
vacuum of 1 in. water-gauge, an average temperature of about 150° would be required in the 
npcast shaft if a furnace were employed. 

With res^t to the ventilator of Guibal, the following comparisons were made by W. Cochrane, 
and printed in the Transactions of the North of England I. M. E., 1865 ;— 

The ventilator employed by Ck)chrane is illustrated in detaU by Figs. 2802 to 2807. This fan 
also consiste of eight vanes, each of which is formed of l^-in. oak deeding, secured by bolts to a 
pair of bars and angle-irons, which are bolted to two cast-iron octagonal boases keyed on the main 
shaft. These bars being carried past the boss and interlaced, as shown in the accompanying 
drawing, form a very firm structure, at the same time simple and inexpensive, admitting of a 
speed of as much as one hundred and fifty or two hundred revolutions a minute, without any 
danger. This is an important improvement in construction; which improvement will be seen 
from Atkinson's pnper upon the Elsecar Fan, of which we shall speak presently. 
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The outside diameter of the yanes ib 23 ft^ the width 6 ft. C} in., and each vane extends about 
8 ft. into the interior of the fan, being inclined at an angle of sixty-seven and a half degrees to a 
radial line througli the apex of the octagonal boss. 

The main shaft is driven by a vertical direct-acting engine, with cylinder 23f in. internal 
diameter, and 19^ in. stroke, worked at high pressure. 

A wall is built on each side of the fan, giving about 1 in. clearance to the side of the vanes. 
Outside of one wall the engine is fixed, and in the other an inlet orifice of proper size is left, such 
inlet being connected with the upcast shaft. An arch is carried over the fan, giving about 2 in. 
clearance to the vanes, and in continuation of this arch an invert to a point about one-eighth of 
the circumference below the centre line, at which point the 2 in. clearance is increased jp^radually, 
expanding the lower curve of the casing till it ends in the sloping side of a chimney formed be- 
tween the continuation of the side walb of the fan-erection ; see Fig. 2802. A sliding shutter is 
fitted into cast-iron grooved rails for about one-fifth of the circumference, which enables the con- 
centric circle of the top aich to be completed nearly round the fan — that is, giving the 2 in. clear- 
ance to the vanes. This shutter is worked by a chain passing over sheaves at the top of the 
chimney and to the outside. For convenience, a manhole^loor is left at the foot of the aloping 
side of the chimney. 

The fan being set in motion, the air is drawn through the inlet from the mine, and dis- 
charged below the shutter into the chimney, from the top of which it is seen to issue at no great 
velocity. 

The theory and practice of exhausting fans having hitherto been, that thera should exist a 
free discharge all round the circumference, this is the first application to mining ventilation of an 
exhausting fian which is covered in as described, and in the complete arrangement of which are 
found the requisite correctives of such a covering, which, without them, would still offer only a'very 
ineffective machine. By the covering, the opposing action of winds is prevented, which is a serious 
check to fans discharging all round the periphery ; but the object of chief importance is to prevent 
the communication of motion by the revolving vanes to the surrounding exterior air, and the for- 
mation of currents, which, in an open-running fan, creep along the sides and vanes from the 
exterior air to supply the partial vacuum caused in the interior by the revolution of the fan ; 
the demonstration of these facts was well seen in an open-running fan at the Tursdale Colliery, 
county of Durham. A sensible diminution of the ventilating current was perceived in this fan, 
with a wind from the N. or S., the direction in which the fan discharged ; in one instance, with a 
high south windy reducing the air-current one-third of its usual quantity with a calm atmosphere. 
The air-currents from the exterior at all times could be distinctly seen entering the fan by the 
drawing in with them of the exhaust steam, which was at that time allowed to ducharge from the 
fan eng^e at the level of the top of the fan. In consequence of Guibal's system being thoroughly 
and satisfactorily tested in Belgium, it was resolved to adopt the covering and chimney to the 
Tursdale fan, which was done, but only temporarily in wood, the joints being made as nearly air- 
tight as possible in the covering, but not in the chimney. The improvement will be seen on com- 
paring the following results? — 
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Uevolntionfl 
a miDttie. 


Cable Veei of 
Air a minute. 


Water- 
Gauge. 


Steam-Prpflsore | Coal consomed 
at Cylinder. • In 24 hours. 


Open running— May, 1862 .. 
Covered in— October, 1862 .. 


50 
50 


22,170 
82.930 


•55 
90 


25 lbs. 
25 lbs. 


5 tons. 
4 tons. 



while the power utilized was found to be increased from 12 '69 per cent, when open running, to 26*8 
per cent, when adapted as above described. 

Thus a heavv loss by the entry of exterior air into the open-running tan is evident. On the 
other hand, with the casing and other appliances of the Guibal syst^ the space outside the 
vanes, that is between their extremities and the inside of the casing, presents an aid to the venti- 
lating power, instead of a source of loss. Contrary to what might be expected, and contrary to 
theory (for tne air is thrown off the extremities of the vanes against the casing), a partial vacuum 
is found in this space, the amount of which, at various speeds, will be seen from the annexed 
tabulated results of experiments. But the covering in oi the fan alone would produce the following 
disadvantages ;— it would check the free discharge of the air, and would communicate to it a high 
velocity — hence the adaptation of the other parts, namely ; — 

The shutter and chimney, which are the oUiei new elements in this system. By means of the 
shutter enlarging or diminishing the outlet, the volume ot air drawn by the fan can be so regulated 
as to suit the special requirements of the mine, and produce the greatest economical effect. Bv no 
known theory can the quantity of air be determined which such a ventilating machine will ciraw 
from any particular mine; hence the necessity of experimental trials to determine the best size of 
ouUet and the easy means employed for this purpose. If the outlet be too large, air will be drawn 
back mto the fan, as is the case with open-running fans, and in this also if the shutter is imper- 
fectly adjusted. If the outlet be too small, the air cannot get quickly enough away. In either 
case, economical effect is lost i and as the circumstances of a mine are never long the same, it 
seems evident that a machine incapable of such an adjustment must be defective. 

The following experiment upon the Elswick Fan to ^x. the position of the shutter shows the 
results above mentioned. 

Calling the lowest position of the shutter zero, and the highest 1, the intermediate poeitions 
will be expressed fractionally ;— 



FAN. 



1455 



a 
b 
c 
d 

e 

f 
9 



No. of Revoln- 
Uoos a minute. 



55 
60 
55 
52 

55 

52 

55 



Waier-Gauge 
near Inlet. 



Position of 
Shutter. 



1150 
'350 
•800 

1*040 

1-100 
1-085 
1-180 



1 


i 

« 

i 
i 



RemarlDi. 



. Steftm-pressure 82 lbs. oonstant, 
[ and valve not altered. 

ifSteam increaaed in quantity to get 
\ 55 revolutions. 
Steam aa at e, 

rSteam increased in quantity to get 
\ 55 revolutions. 



The position of | was fixed as the best for these conditions. 

The chimney contributes also greatly to the useful effect, being shaped for this special object 
— the sectional area increasing upwaras. This enables the air whidi is discharged under the 
shutter at a high velociW to expand, and, spending its force in the chimney, to pass out at a very 
low velocity, thus benefiting the ventilating power to the extent of this difference. It is true 
that the high velocity of discharge absorbs a corresponding amount of the power applied to the 
fan, but the attainment of the partial vacuum in the interior of the fan, due to the centrifugal 
force of the vanes in the first instance, must impart to the discharged air their velocity, and it is 
to restore some portion of this power and make it useful for the ventilating effect that the chimney 
is arranged. From the following Table of results the depfession of the water-gauge will be noticed 
in the positions, Nos. 8, 4, 5, and 7, the three first being fixed into the space between the vanes 
and interior of the casing, No. 7 being near the foot of the chimney. 
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34,123 
88.487 
39,883 
86.604 
39,641 
33.469 
66.373 
66.996 
60.441 
86.644 3 
104,943^ 
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•300 
>600 
•660 
•600 
•360 
•100 
•300 



3' 

3' 
3' 
1' 

I 

10' 



64 
46 
88 
17 
37 
66 




(SS'S 



•76 39*34 



36-62 
34*43 
39*63 
14*36 

4*86 
44*71 




N0.I.N0.X 



88' 
43' 
86- 
87" 
17- 
6' 
60 



2 
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1 

1 
2 
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NotRoorded. 



40013*33 
660 84*37 
160.63 '09 



63*40 
49*13 



67*66 
69*10 



WAfia-OAUQ] 



•200 

*600 
*660 
•600 
•360 
•100 
1*300 



•136 
•650 
•600 
•460 
•100 



NaS. 



400 
660 



•100 
•360 
•300 
•160 
+ *376 
000-f- 400 
100 *400 



'360 
-600 



3*160[3*200 



•600 
1*00 
1*150 



NoTL— Except when -f lign la attacbed, tbe water-gaugea are all tfeprenlona. 



Na4. 



•060 
•126 
•076 
•036 
+ -600 
^•476 
•376 



No. 6. 



Na6. 



Nol7. 



■336 
•650 
•900 



•036 
•100 
•100 
•060 
•(•-300 
•I- •ISO 
•300 



•360 
•675 
•800 



00 

36 

36 

36 

-036 

-025 

•06 



•06 
•10 



0*03 
0*16 
-136 
'135 
•250 
•066 
•200 



•310 
• 200 



-126 1*300 



Figs. 2808, 2809, indicate the positions of the water-gauges. 

3809. 



38091 





It is especially worthjr of notice that the water-gauge indicated at the inlet is greater thon 
the theoretical result obtained by calculation, everv adjustment being correct ; so that if A be the 
height of water-gauge, and A* the height computed, as due to the velocity of the extremity of the 

vanes, then rr is always ^ 1, and this result is different to that obtained from any other machine 
A 

ventilator: 7-. in other cases is >1 rarely 3 *75. The cause of this is assignable to the pre- 
A 
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vention of the return of air-correntfl into the fan, and the utilization of a part of the power carried 
off by the discharged air. 

In the Elswick experiments the value of h^ being computed from the formula 

h^ =1 rr- » rrr^ inchcs of watoT column, 
2g 815 

where v = velocity of the extremity of the vanes in feet per second, the following results arise, 
though the shutter was not varied in each case, as it ought to be, to produce the bc^t results ; — 



No. of RevoloUoos 
a minute 



40 
50 
60 
70 



Indicated 
Water-Oaage (A). 



Theoratkal 
Water-Oaage (A*). 






•600 

•925 

l^SOO 

1-875 



•580 

•880 

1-191 

1-625 



1-13 
111 
1-09 
1-15 



The relation rj is generally 1 -25, and it has been proved by SL Guibal as great as 1 * 60 in the 
case of A small volume of air, and the shutter nearly at its lowest. The value of r? , if calculated 

A* 
from observations taken in various positions of the shutter, no alteration being made in the pres- 
sure of steam, nor in the opening of the regulator-valve, and multiplied by the number of revolu- 
tions in each oase^ say B r|, is an indication of the best position of the shutter when such product 

gives the highest result, for it shows that the minimum resistance is offered to the fan at the same 
time that a maximum water-gauge is obtained. 

It is upon this principle that the position of the shutter can be experimentally tried, for the 
production of the best economical effect. 

The consumption of coals at one boiler, arranged to work this fan, was for twenty-four hours 
taken over a fortnight, 2 tout 16 cwt., the average speed of the fan being forty revolutions a 
minute, day and ni^t. This is found to* vield snffident air for thepreeent workings, tiie quantity 
passing through the mine being nearly 40,000 cub. ft. a minute, llie indicated steam-pressure at 
the boiler is & lbs. to the square inch, the water-giauge at bank near the inlet is -70 in., and under- 
ground -70 in. (at higher speeds there is a greater depression at bank than undeiground) the seam 
being very low, tiie return air-courses are of small area, and the upcast is a 11-ft. diameter shaft, 
used for ventilation only. No engineman is required, one of the firemen being instructed to attend 
to the requisite oUing of the bearings. In some cases the pumping engineman might take the 
engine in charge ; the simple arrangement of all the parts oners the least possible r&k of any of 
them getting out of order. 

In order to test the capabilities of the ventilator, tha experiments above tabulated were made ; 
and it will be seen, from tne calculated usefol effect, how much superior are the results obtained to 
those of previous machines. 

We add an account of the performance of the ventilating fan at the Hemingfield Pits of the 
Blsecar Colliery, by J. J. Atkinson. 

In connection with the workings or mine ventilated by this fan, at the Hemingfield Pits, there 
are two downcast shafts, each 468 ft. in depth. One of these is used as a winc&ng shaft, and is 
elliptical in section, its transverse diameter oeing 10 ft., and its conjugate diameter ^ft. ; the other 
downcast shaft is circular in section, and 10 ft. in diameter, but has three lifts of pumps in it ; 
beinff the engine-pit 

There are also two upcast shafts, employed exclusively for ventilation , they are both circular 
in section, the one being 9 ft., and the other 7 ft. in diameter. These two shafts are, near the 
surfiftoe, brought into one, which opens into the central part of one side of the fiin. 

The downcast shafts are situated at a distance of about 530 yds. to the dip (of the strata) from 
the upcast shafts ; the dip being about 1 in 11, or 3} in. a yard. 

The workings ventilated by the fan extend about 726 yds. in one direction, and 770 yds. in the 
other, on the level course of the strata, and embrace about 136 acres. 

Detcription of the Fan, — Diameter, outside of the extremities of the vanes, 22 ft. 8 in. ; diameter, 
outside of the rim, 22 ft. The extremities of the vanes project 10 in. beyond the rim of the fan. 
Diameter of the fan, on the inside of the rim, 16 ft. 10 in. ; width of the vanes, 5 ft.; depth of the 
same, 8 ft. 

The vanes are stated to be fixed so as to form an angle of 45° with a line drawn to them from 
the centre of the fan. This particular angle, it was stated, had been found to give the beet results, 
by special experiments made for the purpose of finding the best angle for the vanes. 

There are twenty-six vanes in the fan, and it has seven arms, to which the rim is attached. 

The vanes are not curved, but quite straight. 

Deseription of the Engine,— The fan is driven by a steam-engine, having a vertical cylinder, and 
a connecting-rod attached to a crank at the extremitjr of the main shaft of the flein, so that the fan 
makes a revolution for each double stroke of the engine. 

The engine cylinder is 22 in. in diameter. 

The length of the stroke of the engine is also 22 in. 
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perimentB were made on the Srd 2810. 

of October ; bat it waa stated that 
two of these boilers were ordina- 
rily sufficient to supply steam for 
driving the fan. 

The pressure of the steam 
daring the experiments was 43 lbs. 
the square inch; but 40 lbs. a 
square inch was stated to be the 
ordinary working pressure, that is, 
the pressure on the boilers. 

The average quantity of air 
circulating in the mine, under the 
ordinary working of the fan, was 
stated to be 88,000 cub. ft. a 
minute, with a water-gauge of 0*5 
to 0-6 in. at the fan, which in- 
olodBs the shaft resistances. 

The average number of strokes 
of the engine, during the oidinary 
working of the fiBin, was stated to 
be sixty a minute, and the coals 
consumed 6} tons in twenty-four 
hours, or 10^ lbs. a minute. Kear 
to the principal fan an auxiliary 
fan is erected, to be employed only 
in the event of the larger fan being 
stopped for repairs, or from any 
other cause. 

This small fan has an outside 
diameter of only 14 ft. 

Vig, 2810 is a side elevation, and 
¥ig, 2811 a front view of the fan at 
Simon wood. 

.J '^^.?^7^ ^^y admitted on one 
Bide of the fan at the Hemingfield Pit • 
but there is a fan of a similar desoripl 
won at the Simonwood Pit of the 
Elsecar Gollieir, having two aixwinlets, 
one on each aide, by means of external 
iron casmgs, which render it somewhat 
more costly. 

The following is an account of the 
experiments and observations made on 
the Sid October, 1861 ;- 

Top. 
Temperatures of the\ ^^ 

downcast shafts / 
Temperatures of the\ 

upcast shafts ../ ** 

The air might be considered as 
being saturated with vapour at the 
jorface, and also in the returns, there 
being a difference of only half a degree 
between the wet and diy bulbs ofthe 
hygrometer. 

There are five separate return air- 
ways leading into the bottoms of the two 
upcast shafts the dimensions of which 
are given on next page, as taken at the 
points where the air was measured. 

It was intended to have made an 
experiment with the fan working at 
seventy PBvolntions a minute, butowinir 
to some slight defect in the fan, this 
velocity could only be maintained for 
a very short time, without endangering 
ito breakage ; there was consequently 
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Dimensiona and Areaa of the Five Betam Air-waya, at the parte 
where the Cmrents of Air were meaaared. 




T)l«vftM%ft«Ana nf 0%A mtnms . . . « 


No. 1. Na X 

ftin. ft.in.ftln. ftin. 

8 6b76 8 8 21)J6 10 

aq. ft aq. ft 

47*7 47*64 


No. 8. 

ft in. ft. in. 

6 6b76 6 

aq. ft 

35-29 ^ 


No. 4. 
ftin. ftin. 
8 9by6 11 

sq. ft 

61*77 


No. 6. 
ft in. ft in. 
9 6b76 1 

8q.ft. 

67-28 ^ 




Aj 

r Fc 

r 


reaaoftheretnrnB .. 




• 


trmnlsB umlyins to the snamometen. 
a. XIV. V = B+ 49*32. 
J.XV. V = 1*03113. R + 27*6. 
liere V ss Telodtjr of air, and R = 


The correnta of afar in Nos. 1, 2. and 3 
retoraa were meaaared with No. XIV. 
anemometer. 


The correnta of air in 
Noa. 4 and 6 air-ways 
were meaaared bj Na 
XV. anemometer 

• 




Row or 


Natoxal vmtilatloD 
Velodtiea of wind . 
Calx ft of air a min. 

Fan working • • • • 

Vetoddaaofwlnd. 

Cah.ft.ofalramln. 

Fan workinff • • • • 
VelodUeaof wind. 

Calx ft of air a min. 

1 


bdlMa 
of 


otWaam 






0*00 

0-8 
0-7 


0*00 

• • 
■ • 

60 

• • 

• • 
60 

• • 

• a 


36 
84*32 
4,022 

132 

181*32 

6,649 

86 
134*32 

6,407 




40* 
l',906» 

360 

339*32 

19,023 

320 
369*32 

17,694 


61 

100*32 

3,540 

382 

431*32 

16,221 

310 
369*32 

12,680 


40 
68*76 
3.669 

360 

388*4 

20,107 

330 
367*77 

19,039 




20* 
1,146* 

300 

336*84 

19,294 

296 
331*68 

18,996 


c Revolotlooa of aae- 
( momeler a minoleL 

t 14,173. 

( Bevolatioiia of aii»- 

( momeler a mlnnfta. 

C82.294 coble ftet Of 
\ alramlnatei 

i 74.718 caMc fiset of 
( atraminate. 
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No. 2 experiment waa made immediately the pit atopped working ; and No. 3, not nnttl a few hoora after tt had atopped. 
The qoantltiea nxmrkaA • azeonly eatimated, aa the anemomeUn did not move ^th the cairentiL 

After thia, with the Tiew of aaoertaining the amonnt of water-gange which the fan was capable 
of oyerooming, the top of the upcast (aboye where the two shafts were confined to a single channel) 
was contracted by means of a pair of folding-doors, and the following experiments were made ; — 

No.ofEzpta. Inch. 

4. — In the ordinary working of the fan, at sixty revolntions a minute, with the 
top of the upcast open, the water-gauge was observed to be 0' 

5. — ^With the fan making sixty revolutions a minute, and one-half of the top of 
the upcast dosed, oy means of one of the folding-doors, the water-gauge 
was still about 0' 

6. — ^With the fan making sixty revolutions a minute, and one of the folding- 
doors dosed, and the otiier at an angle of 45°, or half dosed, the water- 
gauge was 0*7 

7. — ^With the fan makiog sixty revolutions a minute, while the ventilation of the 
mine was entirely suspended by closing ojQT tne top of the upcast by means 
of the two folding-doors, the water-gauge was only 0*8 

8. — ^In a previous trial, with the shafts all open, and the fan making seventy 
revolutions a minute, during a very short time, the water-gauge was 
observed, as already stated, at 0*9 

The Tentilating pressure arising &om the air in the ascending parts of its route being of less 
density than that m the descending parts (owing to an increase of temperature, or of the quantity 
of vapour in the air), is not only generated, but also expended, in the mine, on overcoming the 
resistances offered by the shafts and air-wajfs of the mine, and consequently does not operate upon 
or ii^uence a water-gauge connecting the outer atmosphere with the fan at the top of the upout 
shaft — the place where the water-gauge was ascertained — so that this pressure, which gives nae to 
the natural ventilation, \a not shown bv the water-gauge, although, in all the experiments, it is a 
force operating in conjunction with the additional force created by the fan; tne actual power 
given out by the fan is simply that which is due to the pressure created by it. and is indicated by 
the water-gauge, taken in connection with the actual quantity of air observed to be circulating at 
the time. 

The remaining, or natural, pressure, not shown by the water-gauge, but arising from the tem- 
perature and vapour rendering the air of less density in the ascending than in the descending 
parts of its route, may be regarded as being sensibly constant ; and, although not shown by a 
water-gauge placed at the fan, near the top of the upcaist shaft, owing to its being expended berore 
reaching that point, would operate equally in favour or aid of a furnace or of anv other ventilating 
power that might be employed at the same mine, in lieu of the fan, and ought, therefore, to be 
neglected in calculating tne power due to the fan. 

Neglecting, therefore, this source of natural ventilation, the real power given out by the fan, 
and utilized in the production of ventilation, is, by No. 3 experiment— - 



74718 X 0-7 X 5*2 
88000 



= 8*24 horse-power. 



where 5* 2 is taken as the pressure in lbs. the square foot, due to 1 in. of watemsolamn. 
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By No. 2 experiment, on the same prindplee, the £u glyes ont, as utilized, 

82294 X 0*8 X 5*2 
83000 = ^®'^* hone-power. 

Kow, if we prerame that, at the time of making the seoond experiment, just allnded to, the 
boiler flres were connming Uie ordinary working qnantity of 6h tona of ooala in twenty-four hours. 

2240 X 6i 
or 606{ lbs. an hour, we have a oonamnption of oTZTlS^i'^ ^'^^ ^^ ^ horse-power, aetnally 

utilised, in an hour. 

In cases where fnmaoes are employed to produce ventilation, the oonsomption of coals a horse- 

Sower really utilized in the production of yentilation Taries to a great extent, under different con- 
itions as to depth and sises of shafts, and of air-ways, and as to the relative state of dryness or 
dampness of the walls or brattice of the shafts ; Ming in some instances much greater, and in 
others materially less, than the amount just stated as being due to the fan, in this instance. 

The following account of the consumption of coals a horse-power utilized each hour by different 
ventilating furnaces, in use in different collieries, is extracted from page 148 of vol. vi of the 
Transactions of the Institution of M. E. ; — 



Names of OoUtericfc 



Thomley Five Quarter Seam 

Thomley Button Seam 

Walker 

GastleEden 

South Hetton 

Wearmouth 

Averages 



DepUior 


Ooslfl ooomiMd 


UpoMt Colnmn 


par Hora^powor 


InUiMdfeet 


Qtillxed per boor. 




llM. 


556 


85*4 


868 


162*4 


960 


30-5 


1038 


29 1 


1212 


27*2 


1800 


29*5 


10724 


60*7 


ve operated under very disadvan 



eireumstances with an upcast shaft like that of the Hemingfleld Pit at Elsecar Colliery, owing to 
its being no more than 360 ft., or 60 fathoms, in depth. 

Under such a condition, in order to have got the same amount of water-gauge, and consequently 
the same amount of air as was yielded by the fan in No. 8 experiment— the pressure indicated by 
the water-gauge being superimposed upon the naturally existmg ventilating pressure — an average 
upcast temperature of 152*8^ would have been required, as will appear from the following 
considerations. 

The head of air-column taken at 54° and SO in. of mercury, due to the natural difference 
between the temperature of the air in the downcast and that of the air in the upcast shafts, taken 

60*5 -> 54 

at 54'' and 60)'' respectively, would be ^-^-g^ x 360 =r 4*5 ft. 

But since the temperature of 60*5° was tiiat of the return air as it ree^hed the bottom of the 
upcasts, and since there would be a little cooling from the expansion of the air as it ascended 
the upcast shaft, it is probable that the average temperature of the upcast column was slightly less 
than 60*5% and in order to allow for this, in lieu of taking 4*5 ft., only 4*16 ft. of air-oolumn will 
be assumed as the ventUating pressure arising from the natural difference of the temperatures 
prevailing in tiiie downcast and upcast shafts respectively. 

But, taking ihe weight of a cubic foot of air, saturated with vapour at 54°, and under a pressure 
of 80 in. of mercury, at * 07704 lb., there would be required, to give a pressure equal to that repre- 
sented by 0*8 in« c^ water-column, a further column of such air and vapour of 



•8 X 5'193f . . -- , . a V* 
./vryAA =^ ft. in height. 



07704 

Making a total height of such ai^^solumn (including that due to naturel causes) of 54 -f- 4 * 16 = 
58*16ft.« and the average prevailing temperature, required in the upcast shaft, in order to give 

• .«^ * .* XV * 1 m 459H-»-d« 

such li pressure, will be found fifom the formula T = — TZr — ' 

Where T = the average temperature of the upcast column. 

H s the height, in feet, of air^nlumn, arising fiom the diflbrence of shaft temperar 

tures = 58*16 ft. 
d s the depth of the upcast shaft = 860 ft. 
< s the temperature of the downcast shaft, and of the air-column H, or 54°. 

^ ^ „ 459x58*16 + 860x54 .-o ^o x^ -a.*^ 

Prom whence T = ^^ — ^^TS = 152*8°, as above stated. 

aoO — Oo*lo 

But, taking the temperature of the return air at 60*5°, and the barometer at 80 in. of mercury 
(the retovn air being saturated with vapour), we have 

80*000 in. of mercury as the barometrical pressure, 
and * 527 ,. „ as the tension of the vapour ; leaving 



29*473 



»» 



»» 



»i 



»i 



as the tension of the air. 
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Now the weight of a cubic foot of air, at 60'6*^, and under 29*473 in. of mercury, ig 

1-32529 X 29-473 



459 + 605' 



= -07519 lb. 



The weight of a cubic foot of vapour of water, at the same temperature, and under a tension or 

-07519 X *52p7 
pressure of 0- 527 in, of mercury, is ^^.^^^ X '622 = -000833 lb. 

And taking the capacity of water, for heat, at unity, that of air and vapour of water, under a 
constant pressure, are *238^ and -475^ respectively ; so that the capacity for heat, of the returns, 
passing over the furnace each minute, is equivalent to that of 

-07519 X 82294 X '238 = 1472-67 Ibe. of water, 
and '000833 x 82294 X 475 = 32-56 „ „ 

or, together, to 1505-23 „ „ 

And admitting that so much of each pound of coaL applied to the furnace, as is actually burnt, 

yields 13,000 calories or units of heat, the coals required to elevate the tempeiature of 82,294 cub. ft. 

of such saturated air from 60*5^ to 152-8°, or through the difference of (152*8 — 60*5 =) 92-3°, 

,. , 1505-23x923° ,« fi«« lu 
would be rsrjrjr = 10-687 lbs. 

Bo that, if even there was no Iobs of temperature by cooling in the furnace drift and upcast 
shafts, this would be the necessary oansumption of coal by a furnace, to do the same work as the 
fan, if employ^ to supersede it, in the ventilation of the Hemingfleld Pit at Elsecar Colliery. 

But if we presume that one-third of the heat given out by the furnace had been lost by cooling, 
when the air reached that part of the upcast shaft at which the average temperature prevailed, 
then the consumption of coals by a furnace, to have given a ventilation of 82,294 cub. ft. 
of air a minute, at a pressure of -8 in. of water-gauge (in addition to the natural ventilating 
pressure), would in this particular case have been 1} X 10-687 = 16-0305 lbs. a minute, or 

rr.-— = 10*35 tons in twenty-four hours, in lieu of only 6-5 tons^ used in driving the 

12240 

fan, to produce the same amount of ventilation. 

This last result gives for a furnace, in so shallow a shaft, a consumption of 92*71 lbs. of coal 
a horse-power utilized an hour ; compared with one of 58*48 lbs. used for driving the fan, and, if 
even there were no loss of heat by cooling, in the case of the furnace, the consumption of coal would 
be 61 * 81 lbs., compared with 58*48 lbs. a horse-power utilized an hour, as used for the production 
of ventilation by tne fan. 

No indicator, friction-brake, or other means, were used to ascertain the actual power of the 
engine employed to drive the fan ; but, as has been stated, the pressure of the steam in the boilers 
was 43 lbs. a square inch, and the diiuneter of the cylinder and the length of the stroke were each 
22 in. ; and as the engine made sixty double strokes a minute when 82,294 cub. ft. of air a minute 
cireulated, it follows that if we allow one-fourth of the pressure of the steam to have been used or 
lost in overcoming the friction of the machinery connected with the engine and the fan, by 

22« X -7854 X J X 43 X ^^^ 
condensation, &c., we have saooo ~ ®^ '^ horse-power, as the working 

power of the engine. But we have already seen that only 10 - 374 horse-power was actually realized, 
in the ventilation produced, which is only 12 - 69 per cent, of the power, so calculated, for the engine^ 
showing a loss of 87-31 per cent, of that power. 

This result is what might have been anticipated from a consumption of so much as 58-48 lbs. of 
coals a horse-power utilize an hour ; the consumption of coals, on the power of the engine, as above 
calculated, being only 7*42 lbs. a horse-power an nour. 

It appears from these experiments that the Elsecar fan is cfmable of cireulating large quantities 
of air at a low water-gauge, such as is due to the existence, in t^e mine, of numerous roomy and 
short air-ways; and that it is not well adapted for overoonung heavy drags or resistances, such as 
occur where the air-wavs are few in number, limited in sectional area, or very long ; inasmuch as it 
was found impracticable to obtain so much as an inch of water-pressure, from the use of the fan, 
even when the mine was entirely shut off. and no air allowed to ciroulate in it ; beyond any small 
amount of leakage that might prevail at tne folding-doors, over the top of the upcast shaft. 

Owhrane observes that this fan appears only to give a utilization of 12 - 69 per cent, of the power 
employed, compared with one of about 60 per cent., alleged to be obtainable from machines smiilar 
to those known as Struv^s, Fabry's, and possibly one or two other kinds. It has. however, the 
recommendation of being inoderate in first cost, and so simple in construction as to be little liable 
to get out of repair ; and, as the dass of coals used are of no very great value, on many collieries, 
its waste of power in such cases may not stand greatly in the way of its adoption, where the nature 
of the mine nappens to be one of a character to suit its application. 

Ventilator. — The name of ventilator is applied, in general terms, to all of those contrivances 
desired to renew the air in a given space ; but in Mechanics the name is more particularly 
applied to those which operate by centrifugal force. These instruments consist of a certain number 
of fims, either straight or curved, fixed upon an axis, and revolving between the sides or cheeks of 
a drum, the cireumference of which may be quite open or partially dosed. There are two kinds 
of these ventilators — ^those which suck the air through pipes opening into the cheeks of the drum 
on a level with the axis, and eject it into the atmosphere with a feeble velocity through all the 
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pointa of the oiroumferenoey and thom whioh snok the sunonnding air thrcmgh orifloes in the 
cheeks on a level with the azia, and bhio it through a pipe communioating with the circumference 
of the drarn^ Both of these methods may be combined in one ventilator. 

cnrved fans. The 
revolving with it. 



fans 



Suckmg VeiUilator8.—FigB. 2812, 2813, represent a suckiDg ventiL&tor with ( 
s are fixed upon a disc A A, Fig. 2812, perpendicularly with the axis, and 



The cheek B B nas in its centre a circular orifice, to which la fitted a pipe C G, through which the 
air is sacked. Fig. 2818 shows the aziangement of the curved fieuis. The rotary motion is com- 



S81X 



9813. 






C 



i 



^ 



B 




municated to the axis by means of the pulley p. The way in which the apparatus works will be 
apprehended without difficulty. As the rotation takes place in the direction of the oonvexitv of 
the fans, as shown by the arrow in Fig. 2813, there tends to be formed on the concave side a 
partial vacuum, into which the air of the pipe G G rushes. This air is thrown outwards towards 
the circumference by the centrifugal force acting upon it, and issues by the canals formed by the 
fi&ns io a direction nearly opposite to that in which the fiuis rotate ; so that the absolute velocity 
of egress is very feeble. 

The motion of the air in a sucking ventilator gives rise to complex phenomena, and the exact 
theory of this apparatus has yet to be found. We will, however, give an approximative theory, in 
order summarilv to appreciate its effects. Let P, be the pressure in the pipe G G, P the pressure 
at the point where the air enters between the fans, and v the velocity which the air assumes in 
virtue of this difference of pressure. Galling the temperature of the air t, and its coefficient of 
expansion a, we have, acoordmg to Bernoulli's theorem, 



tj» = 2y X 18304 (1 + a log.^ 



[1] 



This velocity is in the direction of the radius, or perpendicularly to the sides of the pipe G 0. 
Let «, be the velocity of the fans at the inner circumference ; this velocity is perpendicular to o. 
If, therefore, we denote the relative velocity of the ingress of the air into the canals formed by the 
fans, by «^Mthis third velocity will be the hypothenuse of a rectangular triangle having as its sides 
«, and 0. We have, therefore^ 

" " ' [2] 



tp^t = V* -f «,«. 



Let 10 be the relative velocity of the air at the opposite end of these same canals, that is, at the 
outer circumference of the fans ; let « be the velocity of the fans at this point. The pressure at 
the outer circumference being the pressure of the atmosphere P., we have, by applying the prin- 
ciple of the effect of the work for the relative motion, 

io« = «T,»4.ii«-V-H8304(l-ha01og.^2i^. [3] 

Let a be the angle of the velocities u, and to^ ; we thus have 



tan. a = — • 



M 



Let $ be the angle which the last element of the fans makes witn the outer circumference, and 
V* the absolute velocity of the egress of the air ; this velocity v' will be the resultant of the relative 
velocity to and the velocity u taken in the contrary direction. We thus have 



•'sy' + io* — 2iito 008. jB. 



[5] 



Let W be the weight of the air which flows off in a second ; S the distance between two con- 
secutive fans measured on the outer circumference, and e the thickness of the ventilator, or distance 
between the disc A A and the cheeks B B. The section of one of the canals will be e S sin. $ ; 
and if we suppose all the currents of air moving with the same velocity to, the volume which passes 
off in a second through one of these canals wiH be 8 sin. /9 x to. This air being at the atmo- 
spheric pressure, if 11^ denote the weight of the cubic m^tre of air at this pressure and at the 
temperature t, the weieht of air flowing off through one of these canals in a second will be 
n« 8 sin. /3 X 10. Ana consequently, if there are n canals, we shall have 

W = fi Ila 8 sin. $ to, 

or, remarking that n 8 expresses the outer ciroumference of the fans, the value of which is 2 ir r, 
if r denote the radius of this circumference, 



Ws2irrnaOto sin. fi. 



[6] 
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Calling the weight of the oabio mHre of air at the praonue P and at the tempeiatnre t, n, and 
the radius of the inner oironmferenoe of the fans or the radiua of the pipe G, r„ we find 

W = 2 v Tq n Wq sin. a. [7] 

The qnantittee 11. and n may be ezpreesed as fnnotiona of the preesures and temperatoree OQr> 
responding, by the formuln 

Adding member by member the relations [1], [21 and [31 we obtain, after reductions, 

w» = tt« + 2^X18804(1 + a 01og.?2 po] 

■t a 

which will give the velocity to. Usnally the pressures Pa and Pa differ bnt little from each other ; 
their relation is very near unity, so that w will differ but little from ti, that is, the relative velocity of 
egress of the air is sensibly equal to the telocity of the outer extremity of thefaiu^ a result which is con- 
firmed by experience. 

The velocity to being given, equation [6] will give P. If we add equations [1] and [2], we 
have 

wj = ttj + 2^ X 18304 (1 + a log. 5'. [n] 

Again, equation [7], by substituting the value of n [9], becomes 

W = 2»r,,«, Bin. « X 1-3 it^^^^^Q M 

The relations [11] and [12] will give the values of the two unknowns wq ^^^ P* Equation 
[1] wiU then give the velocity v ; and equation [5] will give the velocity v\ Equation [4] will 
give a, the angle which the first element or portion of the fan makes with the inner circumference 
to allow the air to enter the canals without a shock. 



«8 



The expression of the effective work is T. = W ^ • 

The motive work Tm is made up of T., plus the work corresponding to the absolute velocity 
of the air at its egress, that is, W ^ , plus again the work T/, due to the friction of the air against 
the sides of the canals, and to unavoidable losses. We have, therefore, 

ic2 + V^y 



'^-=^f^)+'^- 



and, consequently, the expression of the ratio of the effective to the whole work la 



W 



[18] 



6 + •^ + ^ X T, 



It will be seen that the velocity «' should be as small as possible. To obtain this result, as to 
differs but little from u, it is evident that we must make the an^le $ as small as possible; that is, 
the last element or portion of the fan should be as nearly as possible a tangent to the outer dxcum- 
ference. 

Losses due to leakage cannot be computed ; the fHction mav be calculated as for a pipe, when 
the dimensions of the ventilator are known. To this end, as the relative velocity is variable, we 
may take the mean of the velocities Wq and w, and substitute it for U in the formula ^ = lli / x iS U'* 
whence T^ = n, /x /9 U'y ' denoting the developed length of one of the canals, x the contour of its 
mean section, the coefficient 0*000355, and IIi a mean between the values n« and n, which enter 
into the foregoing calculations. 

This approximative theory supposes that the currents of air have the same velocity in a given 
section of the caxaA ; the velocities are, in fact, different. It supposes, too, that the pressure is the 
same in a given section ; this hypothesis is not realized. Behind the fan a partial vacuum is 
formed, into which the external air rushes, so that there are two currents of air in a given canal 
at once, one of which is issuing in virtue of centrifugal force, the other of which is entering in 
virtue of the difference of pressure of which we have spoken above. These complicated phenomena 
would require a careful experimental study, one that would be both delicate and difficult, and 
which has never yet been made. 

In general, the effective work, or, in other words, the ratio of the useful work effected by the 
instrument, to the total work expended on it, is very small ; it hardly reaches O'SO in those which 
have been constructed with the greatest care ; and it often descends as low as * 18 and even ' 10, 
especially when the curved fans are avoided, as frequently happens, in favour of straight fans 
fixed in the direction of the radii. This small amount of useful work effected by the most carefully 
constructed ventilators ia accounted for by the infiuence of friction, which assumes a high import- 
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ance ftcm the fact that the air in the canals poeaeflses great velocity. Another cause is the unequal 
distribution of the velocity, and the pressure in a given traDBverae section, and the entrance of air 
through the outer circumference, spoken of above. 

The arrangement of the fans has been varied in many ways, and various shapes have been 
given to the cheeks or sides of the ventilators ; but none of these modifications have produced a 
better result. 

Usually a length of from 1 to 2 mMres is given to the outer diameter ; r« is made equal to the 
half of r ; the fans are multiplied in proportion as the diameter of the apparatus increases ; their 
number varies generally from 6 to 12. The depth of the fans is a fourth or fifth of the outer dia- 
meter. The speed varies from one hundred and twenty up to a thousand revolutions a minute. 
The rate of speed which gives the best results has yet to be discovered. 

Bhmng Ventilators, — Fig. 2814 represents a blowing ventilator with flat fans fixed in the direction 
of the radius. The direction in which the fans rovol?e is indicated by the arrow These fans are 
enclosed throughout about 
three-fourths of their ciroum- nil. 

ference by a drum which pre- ^hiiiijh'iui^ ^^^ 

vents the air from escapmg; "*^^ -«^w>v 

the remaining portion corre- 
sponds to a pipe into which 
the air is driven by the rota- 
tion of the fans. We may 
apply to this kind of ventila- 
tor a theory analogous to that 
which we have explained 
above for the other kind of 
ventilator. According to this 
theory, the fans, inroad of 
being straight, ought to be curved, as shown in Fiff. 2815, a6 c, in order that the air may, on the 
one hand, enter the canal without shock, and, on the other hand, issue in a direction nearly tan- 
gential to the outer circumference. But the small amount of useful work effected by these 
machines have led constructors to avoid the expensive curved fans ; and the straight fans, which 
have been generally adopted, aro fixed in the oireotian of the radius, or slightly inclined in the 
direction opposed to that of the rotation. 

If the centiml orifice of Fig. 2813, instead of opening into the air, formed the mouth of a pipe 
communicating with a ^ven space, the ventilator woiud be at once sucking and blowing. See 
Adit. AiOEMoineTEB. Blowino MACHnrxs. Bobino. Coal MiiriNO. Laxp, Safety, vsnti- 

LATION. 

FAULTS. Fb., Fmte^ Fiature ; Geb., Klufi, Gangspatte ; Ital., Spostamanio ; Span., Diahoadon. 

Faults aro a displacement of strata or veins at a fissure, so that they aro not continuous. 

Bee BoBiNG Ain> BuuniKO. Fan. 

FEED-PIPE. Fb., Tuyau <f alimentation, 2Viy<ni de refoulemmt; Gbb., Speiserohr; Ital., Tubo 
d^alimentazume ; Span., Tubo de alimentacion. 

Feed-pipe Qmnection for Locomotive Engines, invented by Alexander Attan. — ^Various constructions of 
feed-pipe connection between locomotive engines and tenders have been used; but the double 
ball-and-socket plunger pipes, made of brass, aro generally applied, in order to have a continuous 
metallic connection, allowing of blowing steam through into the tender without injury. These, 
however, aro very expensive, reouiring great nicety of fitting and much care in their management, 
and, ia oonse(^uence of sand ana dirt getting in among the movable parts, they involve a serious 
outiay for mamtenance. In practice it is ahnost impossible to keep them perfectiy tight, while if 
the joints be too tightly serowed up thero is risk of the feed-pipes breaking. 

To obviate these defects, and to obtain a continuous metallic connection comparatively inex- 
pensive, and at the same time to present a mechanical combination that should be simple, durable, 
and efiScient, Allan has substituted the connection shown in Figs. 2816, 2817, consisting of a 
simple brass or copper tube A, coiled in a cirole of considerable diameter, so as to have sufficient 
elasticity to allow tor the vertical disturbance due to the unequal defiection of the engine and 
tender springs, and also for the extreme lateral range required in going rotmd idiarp curves, with 
a minimum steain on the joints. A solid-drawn brass tuoe is employed, varying irom No. 17 to 
No. 14 wire-gauge in thickness, or '060 in. to '085 in., coiled to a circle of 8 ft. to 3^ ft. diameter : 
see Fig. 2817. 

In order to ofkat lees resistance to bending, the tubes are made elliptical in section, about 2} in. 
deep by 1| in. broad : see Fig. 2819. Tubes of ciroular section 2 in. in diameter, as shown in Fig. 
2820, have also been used, but they are more rigid than the elliptical tubes. Experiments were 
made to ascertain the amount of foroe necessary to stretch uid compress the coiled tube, and also 
to defiect it vertically and laterally through the extreme range required in practice; and the 
results show that the elliptical tube has the advantage in elasticity, the first inch of defiection 
requiring only about 30 lbs. pressure, while a total pressure of from 90 to 100 lbs. is sufficient to 
produce the extreme deflection of about 3 laches in any direction ; up to this pressure there is no 
permanent set, and consequenUy no fear of the tube collaijsing in any ^art. The experiments 
were afterwards extended with the elliptical tube up to 31 in. movement m any direction, giving 
a total range of 7 in., up to which the tube may be strained safely ; beyond this limit a permanent 
set is produced. In practice, however, the total range in any direction never exceeds 5 in^ or 
2) in. on each side of the central position, leaving a siuScient margin of elasticity to prevent injury 
to the tube With a thinner tube, or one coiled to a larger cirole, an increased range could be 
obtained if desired. 

The conneoting tube A is attached to both engine and tender by means of the ordinary screw 
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and tail-pipe ooapUnga BB, Figs. 2816, 2817, the tail-pipes being brazed upon the circnlar 
ends of the tube, as shown in the Beotion« Fig. 2818. It is placed aboye the axle, and suspended 
to the foot-plate by short chains G, as shown in Fig. 2816, so that the wheels can be removed 
without interfering with the feed-piple connection, and it is less liable to damage should the engine 
get off the rails than the ordinary ball-and-socket couplings. The connecting tube is placed 
central in the engine whenever practicable, so that the angular deflection produced in running 
round curves is reduced to the minimum ; but it can be fixed without any practical objection in 
the usual side position of the feed-pipe, as shown in the plan, Fig. 2817, so as to admit of ready 
application to existing engines and tenders. Figs. 2816, 2817, show the connection applied to 
an engine fitted with an injector D for supplying the boiler ; and the dotted lines E show the 
end of the tube when a pump is used. 
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This connection has been fitted to a number of locomotives on the Scottish Central Bail way, 
including some large goods engines ; and it has been ilubjected to severe tests during the last 
twelve months, and has given satisfaction. In the engines on this railway the plan of coupling 
between the engine and tender, drawing as well as buflAng on a heavy laminated spring, allows 
more movement than is usual, amounting to a play of 2 in. between the engine ana tender, and 
the connecting tube is 6 in. out of the centre ; but, even under these conditions, no failure of the 
connecting tube has occurred. The dimensions of the en^e to which it has been longest attached 
are ; — diameter of cylinder, 16 in. ; stroke, 20 in. ; driving wheel, 6 ft. diameter ; steam-pressure 
in boiler, ISO lbs. a square inch ; the boiler was supplied by a No. 9 injector. 

FEED-PUMP. Fb., Pompe dTalmerUaiion ; Geb., Speitepwnpe ; Ital., Ihmba cTalimmtazione ; 
Span., Bomba de cUimentacion, 

See DsFAiLB of Engines. 

FILBOW, OB FILBO. Fb., Boulon h chvette; Geb., Gelochter Nasenbolzen; Ital., Chimarda 
ad oochio ; Spam^ Anillo de amarra. 

Any bow or oall, after the fashion of an eye-bolt, with an attached stem, is termed a filbow 
when ei^er the stem or bow is in use as a guide, swivel, or double swivel. Fig. 2821 shows the 
eye-bolt of a gland for a stufiing-box, where the stem is made to serve as a guide. In machinery 
where the bow or bail is a guide or swivel. Fig. 2822. Fig. 2823 is a shape given to a filbow when 
this class of eye-bolt is not intended wholly as a permanent fixture. 
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John Fielden, of Boohdale, the inventor of Fielden's Cast Link Chain, p. 336, properly remarks 
on this technical term, which is as old as the spinning^ mule or carding engine, ^ that although not a 
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local term, but in use in almost all parts of Great Britain amongst educated engineers and machinists, 
yet this word, like many others of the same class, has never found its way into any Dictionary.*' 

FILB. Fb., LifM; GxB., FeiU ; Ital., Lima ; Span., Lima, 

A file IB tk steel instrument having the surface ooverod with sharp-edged furrows or teeth, used"^ 
for abrading or smoothing such substances as metals, wood, and so on. A file differs from a rasp 
in having uie furrows miftde by straight cuts of a cnisel either single or crossed, while the rasp 
has coarse single teeth raised by the pyramidal end of a triangular punch. See HAin>-TooL8. 

FILE-GUTTINQ MACHINE. F&, Machine h taiUe d^met; Ger., FeilenhaumoKhine ; Ital., 
Maochina da tagliar lima ; Bpak., Mdqvina depioar limas. 

It is a remarkable droumstance, says Thomas Greenwood, in the Proceedings of I. of Mech. E., 
that whilst almost every manual operation in our various manufactures has be^ either superseded 
or very materially assisted by the introduction of machinery, the operation of cutting files is still 
done by hand, and has hitherto been generally considered to be one not admitting of the appli- 
cation of machinery. Several very ingenious machines for the purpose have already been tried, 
both in this countrv and in America, but hitherto without any marked success. Large sums have 
also been expended by some of the leading makers of Sheffield in att^pting to introduce file- 
outting machines; but the difficulty of the operation, real or imaginary, nas been one cause of 
failure^ and another cause has been the very determined opposition on the part of the operatives 
to the mtroduction of machinery into any part of the various operations of file-making : indeed, so 
jealously do the file-cutters guard the art and mystery of their craft, that they do not teach their 
apprentices how to grind their cutting chisel untu they have attained the last year of Uieir legal 
apprenticeship. The manufaoturo of files has been kept stationary, inst^ of advancing and im- 
proving like other manufactures, from the mistaken belief on the part of the men that by resisting 
the introduction of machinery they aro preserving their employment. Speaking in 1859, Green- 
wood observed; — As a further illustration of this mistake it may be mentioned tnat the tariff of 
prices for forging files now followed is founded upon the supposition that no improvement has 
been made in rollins steel in modem times, and that the bars aro supplied in the same rude form 
which was provalent fifty years ago, thus ignoring the beautiful improvement which has been made 
in rolling steel ; so that the forgers charge the same price for simplv drawing down the tang upon 
a square or round bar of steel for a parulel or equalling file that they do for the entire forging of 
a half-round taper file-blank of the same length. 

Operations much mora difficult than cutting files have been performed by machinery in various 
manufactures ; amongst which may be name{ as having taken its rise in the Leeds district, the 
combing of wool, in which, by the manipulation of the machine itself, the long fibres aro selected and 
delivered into one compartment and the ahoxi fibres into another ; an operation which at first sight 
would appear to require an intelligent and disOTinunating power. Thomas Greenwood truly observes 

Si9i the actual process of file^mttinf is, however, one of the simplest description. It consists in 
riving a chisel of suitable form and inclination to a small depth into the prepared surface of tho 
blank, and steadily withdrawing it again ; and cutting a file is merely a repetition of this opera- 
tion. The difficulties to be surmounted are— to present the blank perfectly parallel to the cutting 
edge of the chisel ; to withdraw the chisel from the incision made in the blank without damaging 
the edge of the newly-raised tooth ; to prevent a rebound of the chisel after the blow which drives 
it into the blankj and before the next blow is struck ; to give a uniform traversing motion to 
the blank, ensuring regularity in the teeth; to proportion the intensity of the blow to the 
varving width of the file, so as to give a uniform depth of cut; and to perform these operations at 
sucn a speed as to make them oommeroially profitaole. In most of the attempts that have been 
made to accomplish this process by machinery, the idea has been to construct an iron arm and 
hand to hold the chisel, and an iron hammer to strike the blow ; and by this means to imitate as 
nearly as possible the operation of cutting by hand. The difference in the material used inevitably 
led to failure ; the flexible, and, to some extent, non-elastic nature of the fingers, wriat, and arm, 
enabled the man to hold the chisel, strike the blow, and then lift the chisel from the tooth, without 
vibration ; not so when the iron hand and hammer are tried to perform the same operation ; the 
vibration consequent upon the material employed frequently caused irregularity in the work, and 
a ragged and uneven edge on the tooth. The slow speed at which these machines were worked 
rendered them unable to compete with hand-labour. 
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In the mseUna, Figa. 2824 
to 2S2S, the above objeotfotu 
have been dmuIt, If not alto- 
gether, obvifttad b; an ingeaiaiu 
modification in the mode of 
Botion. Tbia maohins in th 
inTention of M. Bemot, of Paris, 
and has been already woikiiu 
tnicoeasfollf for aome time both 
In France and Beleium. Tha 
blow ia given by the preasure 
of a flat steel spring preesing 
vpon the top of a vertical allde, 
at the loirer end of vhioh the 
chisel ia firmly fixed ; the ilida 
IB actoated by a cam making 
about one thousand reTolutiona 
a ainvte, and the ehiael coose- 
quently etrikea that number of 
blows a minute, thus obTfating 
the Tibration couaeqaent upon 
the blow with an iron mounted 
hammer, and moving at Buoh a 
speed as to render any vibtation 
impnasibte. 

The aooompanying Figs, 
2S24 to 2834, show the variona 
parts of d machine for cutting 
18-in. bastard files, which is 
Dearly the largest size required ; 
for the imaller fliea, machines 
amaller in proportion are em- 
ployed, down to one-half the 
size of that shown in the draw- 
ings. Fig. 2824 is a front els- 
vntion of the niachine ; Fig. 
2825, a vertical section taken 
at right angles to Fig. 2824; 
and Fig. 2826, a plan. In the 
flront elevation. Fig. 2824, some 
of the parts at the top of the 
mooliine which are behind the 
main fnuning are shown in Itont 
of it for the sake of distinctness, 
and a portion of the frame at the 
top is omitted for the same pur- 
pose ; but the proper position of 
these parts is fully seen by ft 
comparison with the vertical seo- 
tion and plan, Figs. 2825, 2826. 
The main shaft A, Figs. 2824 
to 2826, is mounted near the 
top of the framing, and is driven 
by a clutch that engages with 
• similar clutch on the boss of 
the driviogpulley and fly-wheel 
B, which, when the clutch ia 
out of gear, run loose npoD the 
ihalt ; the clutch is moved by a 
band-lever with suitable notchea 
to bold it in aud out of gear, aa 
shown in the plan, Fig. 2826. 
The vertical elide C is lifted by a 
cam on the main shaft, and slides 
between adjustable y gulden ^ 
fixed in the frame of the machine, 
as shown in the plan. Fig. 2826, 
and the enlarged plan. Fig. 28S4. 
The cutting chisel D, Fi§. 2825, 
ehown black in the drawings, la 
held in a socket in the bottom 
of the vertical slide C, and se- 
curely fixed by a set screw, as 
shown enlarged is Figs. 2833, 
2834, The blow is given by 
means of the horizontal flat 
spring E,Figa. 2825, 2826, which 
is fixed at the outer end to ft 
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rooking shaft carried in a bracket at the baok of the main frame; this bracket also carries the 
pressure cam F pressing upon the middle of the spring and forming the fulcrum against which the 
spring is bent wnen the slide G is lifted by the cam on the shaft A, the spring being always in 
contact with the head of the slide 0. The pressure of the spring and consequent depth of cut of 
the chisel is regulated by an adjusting screw at the outer end of the spring, Fig. 2825 ; and in the 
case of cutting a parall J file tms pressure is kept the same throughout. But in cutting a taper 
file the pressure is varied in the same proportion as the breadth of the file varies, so as to maintain 
an equal depth of cut throughout, by means of the pressure cam F being made to rotate during 
the traverse of the file ; and the radius of the cam is made to increase and diminish in the propor- 
tion of the breadth of the file, thus varying the amount of deflection of the spring at each cat in 
the required proportion. The rotation of the cam is effected by means of the ratchet-wheel G, 
Fig. 2825, workea by an eccentric upon the main shaft A, Figs. 2824 and 2826, and thrown out of 
gear when a parallel file is being cut. 

The file-blank H to be cut, shown black in Figs.' 2824, 2825, is fixed npon a compound bed I, 
which admits of adjustment to any obliquity horizontally, as shown in the plan. Fig. 2826, by 
tiiming upon a strong centre pivot J in the bottom frame; and to any inclination vertically, as 
shown in Fig. 2880, by rocking upon the centre bearing K, shown in the transverse section. Fig. 
2831, which consists of a semicircular trunnion on each side of the file-bed, as shown by the dotted 
lines in Fig. 2830. The file-bed is adjusted and secured at anv requirod inclination by means of 
the circular aro L, Fig. 2830, fixed to one of the pedestals M in which the file-bed is carried. 
These two movements of the bed give the required obliquity of the chisel-cut across the fkoe of 
the file, and the inclination of the chisel to the plane of the file-faoe ; the chisel itself remaining 
always vertical. The trunnions K of the file-bed are recessed into the two pedestals M, eaoh 
supported by two pillars which are connected at the base by a turning plate N, turning on the 
centre pivot J. The upper end of this pivot ia provided with a nut and washer to hold the turning 
plate In and secure the file-bed I in the required oblique position. 

The horizontal movement or traverse of the file between each out of the chisel is given by 
means of a rack which slides in a longitudinal groove O in the file-bed I, Figs. 2825, 2826. 
This nudk is advanced the required distance between each stroke of the chisel by the worm P, 
Fig. 2825, the shaft of which has a ratchet-wheel Q fixed on the outer end, as shown in Fig. 2824, 
which is worked through a series of connecting-rods and levers from the crank-pin B upon the end 
of the main i^aft A. Figs. 2824 and 2826. In order to provide for the double motion of adjust- 
ment of tiie file-bea I, with an inclination both vertically and horizontally, this feed-motion is 
communicated through a vertical spindle S, Fig. 2825, passing up freely through the tubular centre 
pivot J upon which the file-bed turns; the head of the spindle S is connected by a horizontal 
lever and Connecting-rod with swivel-joints to the cranked rocking shaft T, which terminates at the 
centre line of the trunnions K on which the file-bed rocks, as shown in the plan, Fig. 2826, and 
side elevation. Fig. 2880 ; the other end of the rocking shaft T carries a pawl that works the 
ratchet-wheel Q on the shaft of the worm P, Fig. 2824. The whole of this set of levers ia 
carried by the turning plate N of the file-bed, and turns freely upon the head of the centre spindle 
8 without interfering with their action in driving the worm P. 

The upper side of the file-bed I is cut out in a semicirole, as shown in Figs. 2824 and 2831 ; 
and a movabler semiciroular slide U, Fig. 2825, which is of sufficient length to carry the file, is 
fitted into this semicirole so as to roll freely in the cavity. To the under-side of this snde the rack 
O is attached by means of a groove and a cross-piece, as shown in Figs. ^25, 2831, 2832. At 
each end of the slide U suitable fastenings V, Fig. 2832, are attached for holding down the file, 
with levers, rack, and springs. A handle W, Fig. 2825, with connecting-rods, bell-crank levers, and 
springs, is mounted underneath the file-bed I for disengaging the worm P from the rack O and 
allowing the slide U to be pushed freely endways, so as to bring it back easily after the file is cut. 
On the front of the main frame of the machine is mounted a leveller X, Figs. 2824, 2825, 
shown in Figs. 2833, 2834, for the purpose of pressing upon the file H and keeping it truly 
even with the edge of the chisel D ; the upper end of this leveller is jointed to a horizontid 
weighted lever Y, Fig. 2824, one end of whidi is centred on the frame of the machine by means of 
a link-joint, and the other end is weighted by a ball ; a rest is provided for holding up the lever 
when reouired, as shown dotted in Fig. 2824, so as to keep the leveller X clear of the file. Another 
lever Z, Fig. 2824, is mounted upon a centre in the frame, for the purpose of raising the vertical 
slide C, which carries the chisel, and is provided with notohes to hold it in position. 

Mode of Action, — When the file-bed I has been adjusted to the proper position, and the blank 
H to be cut fixed upon the semicircular slide U, the chisel-slide C is lowered, so as to bring the 
edge of the chisel down upon the blank. The force of the main-spring E then brings the surfsoe 
of the blank perfectly even with the edge of the chisel D, in consequence of the rolling movement 
allowed by the semicircular slide U ; in this position it U allowed to remain whilst the leveller X 
attached to the weighted lever Y is brought down upon the blank : a slot-hole in the middle of the 
frame of the leveUer X allows it to move so much as to bring its lower edge exactly parallel with 
the edge of the chisel and true to the surface of the blank, in which position it is then secured by 
hand by the tightening screw, as shown in Figs 2824, 2825. The blank is now slided along 
to the starting point, and tiie machine put in motion. If the blank to be cut is a taper fiat fil& 
the pawl G which actuates the pressure cam F pressing upon the main-spring £ is put m gear, and 
the deeper side of the cam is gpradually brought down upon the spring, causing it gradually to 
increase the pressure upon the chisel-slide G, and consequently increase the intensity of the blow 
until the chisel reaches the widest part of the file. When cutting a parallel or equalling file this 
apparatus is not required. After the file has traversed the length required to be cut, the driving 
clutoh is thrown out of gear and the machine instantly stops ; the cbisel-elide C is raised by the 
lever Z. the worm P disengaged fj!om the rack O bv the handle W, and the semiciroular slide U 
drawn back; the file is then released and replaced by another, and the operation repeated. After 
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the first cut naa been oompletcd, as shown in Fig. 2829, the second ont is given in the contrary 
direction across the file, by turning the file-bed I round to the proper obliquity. Every description 
of round or half-round files is out in this machine by the use of a revolving bed and dividing 
apparatus. 

In regard to the durability of the cutting chisels in this machine, it is remarkable that they 
out five times as many files as can be cut by hand without re-sharpening ; and the reason seems 
to be that the chisel is driven into the blank and withdrawn again in a perfectly straight line 
and without any rubbing action ; whereas in hand-cutting, the mie edge of the chisel is rubbeS 
a short distance along the surface of the blank until it comes in contact with the last raised 




corresponding 

in this machine, showing the vertical position of the chisel and the inclination of the file travelling 
underneath it. 

In the files cut by this machine the teeth are raised with perfect regularity, and consequently 
when the file is used each tooth performs its proper share of work ; whereas in hand-cutting, from 
the varying power of the muscles, especially towards the close of the day, it is impossible to produce 
such perfectly uniform work. 

FILTER. Fb., FUtr^; Geb., Filter, Seiher; Ital., Filiro; Span., Fiitro, 

Bee Wateb-wobks. 

FIRE-ARMS. Fr., Armesafmt ; Gbb., Feuenoaffen ; Ital., Armi da fuoco ; Span., Armas defuego. 

Trials of small firenarms and accoutrements have recently been made by a Board of American 
officers at St. Louis. The particulars, data, and results of these trials, which we give, are taken 
from the New York Army and Navy Journal. 

The Board met at St. Louis Arsenal, March 2, 1870, in pursuance of ordenr. Captain K. R. 
Breese, U. S. navj^ was present during all the experiments of the Board until April 5, 1870. General 
J. H. Potter was deput^ to conduct the experiments and tests determined on hj the Boaid. These 
experiments were commenced March 11, and continued till their completion, May 2S, 1870. 

The following is a list of the arms, accoutrements, and equipments received at the St. Louis 
Arsenal, under the provisions of General Orders No. 72, and examined by the Board, namely ; — 



RlPLBB. 

1 Remington rifie, caL 50, No. 286, from 
Springfield armoury. 

1 Springfield breech-loading rifle musket, 
cal. 50, mod. 1868, from Springfield armoury. 

2 Peabody (Wessely) rifles, cal. 42 (with- 
drawn). 

1 Peabody (Wessely) rifle, oaL 42. 

1 „ (self-cooking) rifle, cal. 42. 

2 „ (Spanish) rifles, cal. 43. 

2 „ (Itoumanian) rifles, cal. 45. 

2 „ (Springfield) ,, cal. 50. 

1 Remington rifle, cal. 42, No. 2. 

1 Remington rifle, caL 44^ No. 8, sword 
bayonet. 

1 Remington rifle, cal. 50, No. 4. 

1 Remington rifle^ caL 51, No. 5, triangular 
bayonet. 

1 Remington (Spanish) rifle, cal. 43. 

1 * „ (Ryder) „ cal. 50. 

1 „ (modified) „ cal. 50. 

2 Roberts' (Springfield) rifles, cal. 50, U. S. 
bayonets. 

1 Roberts' (Springfield) rifle, caL 50, No. 4, 
U. S. bayonet. 

1 Rooerts* (Jackson's improvementX cal. 50. 

1 „ (Starr's „ ), cal. 50. 

1 „ centre-lock rifle, cal. 50. 

1 Berdan's rifle, caL 42. 

1 Colt's rifle, cal. 42, triangular bayonets. 

1 „ cal. 50, „ 

1 Thieme (Baxter's), cal. 50, U. S. bayonet. 

2 Triplett and Scott rifles, cal. — . 

1 Sharp's musket, cal. 50, U. S. bayonet 
1 Ward-Burton rifle, cal. 42, triangular 
bayonet. 

1 Ward-Burton rifle, cal. 45, sword bayonet. 

1 „ cal. 50. 

1 Hubbell rifle, cal. 50. 

1 Martini-Henry rifle (long block), cal. 45. 

1 „ (short block), cal. 45. 

1 Morgenstem rifle, cal. 42. 

1 „ barrel, cal. 50. 

1 Gonroy rifle, cal. 42. 



Carbines. 

1 Remington carbine, cal. 44, No. 1. 

1 Roberts' centre-look carbine, cal. 50. 

1 Sharp's carbine, cal. 50. 

1 Remmgton carbine, caL 50, from Spring- 
field armoury. 

1 Sharp's carbine, cal. 50, from Springfield 
armoury. 

1 Spencer carbine, cal. 50 (Stabler attach- 
ment), Springfield armoury. 

1 Sprm^eld carbine, cal. 50 (Stabler attach- 
ment), Springfield armoury. 

1 Conxoy carbine, cal. 45. 

Pistols. 

1 Remington revolver, cal. 44, Springfield 
armoury. 

1 National Arms Company revolver, cal. — , 

1 Remington single pistol (modified), cal. 50. 

1 „ single-oarrelled pistol, cal. 50. 

4 Remington revolvers, cal. 44, Nos. 2, 3, 4, 
and 5 respectively. 

1 Smith and Wesson revolver, cal. 44. 

1 Whitnev Arms Company revolver, sta- 
tionary breech, cal. 44. 

1 Whitney Arms Company revolver, revolv- 
ing breech, caL 44. 

Bayonets. 

2 Remington rifles, cal. 50, with O)lonel 
Anson Mill's bayonet attachment. 

1 contract riiSe musket, mod. 1861, cal. 58, 
with P. A. Oliver's bayonet attachment. 

1 contract rifle musket, mod. 1863, cal. 58, 
with trowel bayonet in stock ; Captain De Witt 
C. Poole. 

25 trowel bayonets and soabbards ; Lieut. E. 
Rioe, U. S. army. 

MiSOELLANBOrS. 

Dr. Hay's attachment to Springfield breech- 
loader rifle musket, cal. 50, mod. 1868. 

Dr. Hay's attachment to Remington revolver, 
caL44. 



/ 
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MlBOELLANBOITS — Goniitiwned, 



Dr. Calvei's automatio extmctor for Colt's 
revolver. 

Contract rifle musket, cal. 58, mod. 1869, 
with hair trigger. 

Springfield breech-loader rifle musket, cal. 
50, mod. 1866, with flring-pin of proper length 
to explode but not pierce the primer. 

4 sets of tools for reloadmg Berdan cart- 
ridges, cal. 42, 45, and 58 respectively. 

2 -sets of tools for reloaoing Berdan cart- 
ridges, cal. 50. 

Cartridges fix>m J. W. H. Gieaeler, New 
York. 

AoOOTTTBiaaEHTB ADD EQTJIFHEiraS. 

Baxter's accoutrements ; Sherlock's accoutre- 
ments; Snider's accoutrements; Seymour's ac- 
coutrements; Penrose's accoutrements; Horst- 
man's accoutrements ; cooking canteen ; metallic 
tompion ; picket-pin ; A. W. Lee's knapsack ; 
O. E. Wood's knapsacks (2); lieutenant W. 0. 
Manning's knapsack; Colonel O. K. Mizner's 
knapsadK and saddle-bags ; Captain J. Clifford's 
knapsack and cartridge-belts; General Hoff- 
man's bayonet-soabbaid attachment; William 
Cline's mggage-eupporter; Charles Swing's 
tent overcoat ; two tents (General B. S. Boberts) ; 
bridle and bit. 

2 cartridge boxes, different sizes (D. W. C. 
Baxter). 

1 cartridge box (0. H. F. Thi6me>. 






6 cartridge boxes, different sizes (Captain 
8. A. Day). 

1 cartridge box and belt (Captain W. F. 
Brewerton). 

1 cartridge box (Lieutenant C. L. Best). 

2 cartridge boxes (Lieutenant J. B. McGKn- 
ness). 

1 cartridge-box magazine (J. M. Hawkinfl). 
1 „ (Kubom Knox). 

1 ^ (A. D. Laidley). 

1 oartrioge box (Lieutenant Thomas Oon- 
nollv). 

4 cartridge boxes, cavalry, with belts and 
pouches (Lieutenant J. G. Butler). 

4 cartridge boxes, infantry, with belts and 
pouches (Lieutenant J. G. Butler\ 

1 cartridge belt wim aetaoHable thimbles 
and tompions and belt-plates. 

10 cartridge belts and plates (Colonel Anson 
MUls). 

1 cartridge box (Captain N. H. Coster), 
boxes (C. Hewlett), 
box (Ghmeral B. J. Boberts). 
„ (General A. Baird). 
„ (Captain CUffoid). 
„ (General Morris), 
boxes (Benjamin Loyd). 
box holster, leather (Lieutenant 
Thomas (Connolly). 

1 cartridge-lx)x holster, wood (Lieutenant 
Thomas Connolly). 

' 1 cartridge box (Lieutenant Thomas Con- 
ndlly)» 



4 
1 
1 
1 
1 
2 
1 
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It was decided to confine the experiments with fire-arms to tests of the qualities of the breech 
mechanism of the various systems submitted tp the Bocurd, using the ammunition furnished by the 
inventors, and subjecting each arm to the same test as far as practicable. 

The following programme of experiments was adopted, namely; — 

I. Simplicity of Construction. — "Each arm to be dismounted, examined, and the number of its 
pieces to be noted. 

II. Accuracy of Fire, — ^Test : fifteen shots to be fired from a fixed rest, at a target. Distance 
100 yards. 

HI. Rapidity of Fire, — ^Test : twenty-five shots to be fired from the shoulder ; fair aim to be 
taken at the target. Distance, 100 yards. 

IV. Endurance, — ^Test : each gun to be fired at a target 500 times ttom a fixed rest ; distance, 
100 yards. The arm to be allowed to cool at the end of each 100 rounds, but not to be cleaned 
during the test. At the end of this test the arm to be cleaned and examined to ascertain its 
condition. 

y . Effects of Exposure to the Weather and Firing, — Test : 400 rounds to be fired without cleaning 
the arm ; 100 on each alternate day. The arm to be exposed to the eflEtets of the sun and rain (or 
water artificially applied) during each day of the test, and the exposure continued for three days 
thereafter. The arms to be cleaned and examined. 

YL Effects of Sand and Dust on the Breech Mechanism, — ^Test : eight shots to be fired ; then fine 
dry sand to be sifted over the breech mechanism when dosed, and eight shots fired ; then fine dry 
sand to be sifted over the same parts when open, and nine shots fired. The sand to be removed in 
each case by ghalring the piece, or using only the hand. The piece then to be examined and 
cleaned. 

VII. Effects of Salt Water, — Test : the arm to be placed for three hours in brine, covering the 
breech mechanism and chamber ; then to be exposed m the open air until the next day, and fifty 
shots to be fired. 

VIII. Effects of Defectiw Ammuantion, — ^Test : the arm to be fired with six cartridges rendered 
defective in the following manner ; — 1st. One cut longitudinally from the end of the case to the ribs, 
and placed in the chamber with the cut upward. 2nd. Chie cut longitudinidly from the end of the 
case to the rim, and placed in the chamber vrith the cut downward. 3rd. One to be cut helically 
from the end to the nm. 4th. One to be cut at the base, so that the firing-pin in firing will pierce 
it. 5th. One to be pierced through the base at four points. 6th. One to oe filed through the rim. 

IX. Strength of the Breech Mechanism, — ^Test : the arm to be fired onoe with a double and once 
with the triple charge of powder and lead. 

The results with the oeesi samples of the six principal systoms reported upon by the Board are 
asfoUows; — 

I.— BEKiNOTair BmjK. Fig. 2885. 

L-^Remington Riffe modified so as to load at the haJf-oock^ cal, 50, sent by Colonel Schofield, 

L Was dismounted, examined, and found to consist of fifty-five pieces. 
II. This arm was fired with the United States' cartridges for accuracy. 



UL The (um ms find for rapidity. Time, 2 min. 2S *eo. One cartridge fkiled to ignite. 
Barrel alightly leaded. 

IV. Arm tested for ei 

Tint 100 rounds 1 t: 
Jistanco between eitrem , .. _, ^. 

Second 100 rounds; time, 10 min. 30 eeo. One oartaridge failed to ignite. DiataQoe between 
extreme Bhots, itl in. 

Third 100 ronnds ; time, 11 nuo. Six oartridges failed to explode. Diitanoe between eztrene 
•lioti, 68 In. 

Fourth IDO rounds; time, 12 min. Six autridgei fkiled to ignite. Balli rsiiKed wild. 

Fifth 100 roondi; tlm^ II min. Five OMlhdgea failed to explode. Bhota all orer target 

The arm vorked well all through the teat : many of the oeae* were drawn with difSonlty. The 
mainspring worked with much fnotion on the hammer, and small partides of iron were found in 
the bi«eah TH"*'ft"'""i Barrel mnob fouled and leaded. 



BcmiDgtoD's Uteit Patmt Brach-loadtag Rifi^ 

, nd flrod ■■ preeorihed in the fifth test, ftom 

worked fteely thronghont thia trial. No additional signs of weakness. 

Vf. The arm was subjected to the sand test, and worked freely thronghont this trial. Some 
san d wa s foond in the inside of the guard-plate among the springs. 

Vli. Arm subjected to the ealt-water test It was rusty, but worked freely 

Tin. Arm fired with defecttTs cartridgos. Tb^re was a slight eec^ie of gas ftom the fifth, and 
mnob gas escaped from the sixth cartridge. Piece uninjured, 

IX. Teat of strenglh by firing incr^ised chaises. After the second charge the breeoh-blook 
moved Terv stiffly. Tlie lower portion of the barrel was pressed against the breeoh-block. The 
lower portion of the chamber was enlarged. 

2 — Senungtan Rifie, Springfield (nrrvl, lib. 4, cof, SO, smt from RemmgUm <md Sou, 

I. Was dismonnted, examined, and found to MOsiBt of fifty-five pieces, 

n. This arm was fired with the Bharp's (Martin) cartridge for acoursey. 

ni. The arm was fired fbr rapidity ; time, 2 min. 3 sec 

IT. Arm tested for endnrence witn United States' cartaidgea. 

First 100 rounds; time, 7 rain. S see. Four cartridges fciled to Ignite. Dispersion of balla, 
25 in. by 21 in. 

Seoond 100 ronnds; time, S min. 28 seo. One cartridge failed to ignite. Disperstoo of balls, 
S2 in. by IB In. 

Third 100 rounds : time, 4 min. S7 see. Dispersion of balls, 2tU in. by 23 in. 

Fourth 100 rounds; time, S min. 7 seo. Two cartridges failed to ignite. Dispersion of balls, 
24 in. by 20 in. 

Fifth 100 rounds; time, 4 min. 40 seo. One cartridge failed to ignite. Dispersion of balls, 
24I».by20in. 

The arm worked freely thronghont this test ; the barrel was very little fouled. No leading. No 
Rgna of weakness or wear in any of the parts. 

T. Arm was exposed and fired as prescribed in the fifth test It was very msty, but worked 
freely throughout, and showed no signs of weakneas or wear in any of the parts, 

VL Arm was subjeated to the sand teat and woAed freely ; some sand was found in tho losids 
of tbeguard-plate. 

Vlt. Arm was anbjeoted to the salt-water tort, and, though very nu^.iKiriiedftoelT. No signs 
of weakness. 

Tin. Arm fired with defective cartridges. No apparent eaeme of gas in the first three. The 
ease of the seoond extracted with difficulty. Oas escaped in the fourth and flflh, and in the sixth 
•artridge a flame was seen above the breeoh-blook. It worked hreely and was not injured. 
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IX. Arm tested for strength with increased charges. After the second charge the breech was 
opened with difficulty another shell wa not easily extracted. The chamber was slightly enlarged 
near the extractor. The piece otherwise uninjured. 

The breech-block of this arm differs from the one submitted to the Board from the Springfield 
armoury in that it is without a groove in its front underneath the barrel, and is somewhat stronger 
in rear of the pivoted pin. The shell extractor is placed somewhat nearer the bottom of the 
chamber. 

II. — Bfbinofield Bbeech-loading Biflb Musket. 
Springfield Breech-loading Rifie Musket^ oal. 50, No, 14,515, sent from Springfield Armoury, 

I. Was dismounted, examined, and found to consist of sixty-two pieces. 

II. This arm was fired with the United States' cartridge for accuracy. 

III. The arm was fired for rapidity ; time, 2 min. 33 sec. 

IV. Arm tested for endurance. 

First 100 rounds; time, 11 min. 30 sec. Barrel slightly fouled. 
Second 100 rounds ; time, 11 min. Distance between extreme shots, 22} in. 
Third 100 rounds ; time, 11 min. Distance between extreme shots, 17^ in. 
Fourth 100 rounds ; time, 10 min. 80 sec. Distance between extreme wots, 21) in. 
Fifth 100 rounds ; time, 9 min. 80 sec. Distance between extreme shots, 21 in. 
One cartridge failed to ignite during this test. Barrel slightly fouled ; no leading. 
The arm was cleaned and examined ; no sign of weakness or wear in any of the parts. The 
extractor worked well, throwing the cases clear of the piece in every instance. 

V. This arm was exposed and fired, as prescribed in the fifth test, from April 7 to April 16, and 
worked freely throughout this test. It was very rusty, especially in the receiver. No signs of wear 
or weakness in any of the parts. 

YI. The arm was subjected to the sand test. It worked freely throughout this test ; but very 
little sand remained in the receiver. 

YII. Ajm was subjected to salt-water test, and was quite rusty. It worked freely ; no signs of 
wear or weakness. 

YIII. Arm fired with defective cartridges. No apparent escape of gas in the first three. These 
shells extracted easily. In the fourth some gas passea up the firing-pin, and blackened the face of 
the hammer. Great escape of gas from the fifth and sixth. No signs of weakness or injury in any 
of the parts. The gun worked well. 

IX. Arm was tested for strength with the increased charges. The effect of the second charge 
was to blow off the entire base of the case. No injury to the piece. Great escape of gas. Gun 
worked stiffly. Aim examined. No signs of wear or weakness in any of the parts. 

m.— Sharp's Biflb Musket. 
Sharjfe Rifie Musket^ cat, 50, sent by Sharp's Rifie Manufactwring Company. 

I. Was dismounted, examined, and found to consist of seventy-eight pieces. 

II. This arm was fired with the Sharp's (Martin) cartridge for accuracy. 

ni. The arm waa fired for rapidity; time, 2 min. 41 sec. One cartridge failed to ignite. No 
leading of the barrel. 

IV. Arm tested for endurance. 

First 100 rounds; time, 11 min. Two cartridges failed to ignite. Dispersion of balls, 11 in. 
by 13 in. Barrel slightly fouled. No leading. 

Second 100 rounds; time, 9 min. Three cartridges failed to ignite. Dispersion of balls, 
34 in. by 9 in. 

Thirid 100 rounds ; time, 7 min. Dispersion of balls. 16 in. by 9 in. 

Fourth 100 rounds ; time, 5| min. Dispersion of balls, 15| in. by 7 in. 

Fifth 100 rounds ; time, 6 min. Eight cartridges failed to ignite. Dispersion of balls, 20 in. 
by 10 in. 

The arm worked freely throughout the test. Fouling of barrel not increased after the first 100 
rounds. No leading. 

y. Arm exposed and fired, as prescribed* in fifth test, from April 7 to April ;16, and worked 
freely throughout the test. The front guard-screw was found to be broken. No other signs of 
wear or weakness in any of the parts. Arm slightly rusted. 

VI. The arm was subjected to the sand test. Two cartridges failed to ignite. Arm worked 
freely, and very little sand remained in the breech mechanism. 

VII. Arm subjected to the salt-water test, and though quite rusty worked freely. No signs of 
wea r or w eakness. 

Vm. Arm fired with defective cartridges. In the fourth cartridge gas passed up the firing- 
pin. Gas escaped from above and below the breech-block. Piece not iniured. 

IX. Arm tested for strength witii incr^ised charges. The second charge blew off the base of 
the case, so that the extractor could not remove it from the chamber. Piece not injured, and 
worked freely. 

rV. — ^MOBOKNBIEBir BiFLB. 



Morgenstem Rifie, col. 42, sent by Merman Boker and Co, 

I. Was dismounted, examined, and found to consist of forty-four pieces. 

II. This arm was fired for accuracy with the Berdan cartridge (greased). Three cartridges 
failed to ignite. 

III. The arm was fired for rapidity ; time, 2 min. 46 sec. Ten cartridges failed to ignite. The 
cartridges were partially freed fjrom the extoinal lubricant on the ball patch, and the arm again 
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fired for rapidity; time, 2 min. 25 sec. Seven cartridges failed to ignite. Stock slightly split at 
the recoil saoulder on both sides of the barreL 

lY. Arm tested for endurance. 

First 100 rounds ; time, 14 min. 30 sec. Dispersion of balls, 30 in. by 12} In. Many of the 
cartridges failed to ignite. 

Second 100 rounds. The seventy-fifth cartridge failed to ignite, after which twelve cartridges 
were tried, and all failed to ignite. Arm removed, as it would not imito the cartridges. 

The same breech mechanism having been fitted to the Springfield barrel, caL 50 (sent with the 
rifle), was again tested for endurance with the Sharp's (Martin) cartridge, unpatched ball. 

First 100 rounds; time, 6 min. 8 sec Dispersion of balls, 20 in. by siS in. Twelve cartridges 
ftdled to ignite. 

Second 100 romids. The 8eventy-eif;hth cartridge failed to ia:nite, as did several which wezo 
immediately afterwards tried. On ezammation of the breech-block it was found that the hammer 
shoulder washer was partially unscrewed, so as to prevent the point of the hammer from projecting 
su£9ciently to ignite the cartridges. 

The arm having been cleaned, and the shoulder waoher screwed into its proper position, it was 
tested again for endurance. 

First 100 rounds; time, 8 min. 22 sec. Thirty-five cartridges failed to ignite. Dispersion of 
balls, 41 in. by 28 in. 

Second 100 rounds; tmie, 7 min. 15 sec. Thirty cartridges failed to ignite. Dispersion of 
balls, 25 in. by 16 in. 

Third 100 rounds : thirteen cartridges tried ; eight failed to ignite. The arm was withdrawn, 
and a stronger spring (one sent with the arm for the United States, cal. 50 cartridge) was inserted, 
and the firing resumed. Dispersion of balls, 14 in. by 16 in. Seven cartridges failed to ignite. 

Fourth 100 rounds; time, 10 min. 40 sec. Sixteen cartridges failed to ignite. Dispersion of 
balls, 34 in. by 22 in. 

Fifth 100 rounds; time, 6 min. 7 sec. All the cartridges ignited. Dispersion of balls, 55 in. 
by 40 in. Barrel somewhat fouled slightly, and leaded. The main- spring did not work freely, 
owing to too much friction* 

V. This arm was exposed and fired, as prescribed for the fifth test, from April 19 to April 28. 
The arm was veiy rustv in the inside of the receiver, but the working parts were free from rust 
and in good working order. The upper end of the thumb-piece was broken during the firing, and 
was replaced by one of a difi'erent pattern (sent with the arm). 

YI. Arm was subjected to the sand test, and worked freely throughout ; and but veiy little 
sand remained in the receiver. 

YII. Arm sabjeoted to the salt-water test, and though rusty worked freely. No signs of wear 
or weakness. 

YIII. Arm fired with defective cartridges. Gas esca])ed from the last three cartridges. The 
last one threw the hammer back to half-cock. Arm uninjured. 

IX. Arm was tested for strength with increased charges. The second charge bioke the face- 
plate off its shoulder and cracked it radially in five plac^. Hammer thrown back to half-cook. 
The base of the case was blown off. Except the face-plate, the piece was uninjured. 

Y.— Mabtini-Henbt Biflb, Fig. 2836, 
1.^7^ MarUni-ffemry JUifie, cal. 45 (short breech'block), sent by F, Martini^ Suntxerkmd, 

I. Was dismounted, examined, and found to consist of sixty-one pieces. 

II. The arm was fired for accuracy, with the Boxer cartridge (bottleHshaped), paper-patched 
ball. In three instances the hammer pierced the primer. 

III. The arm fired for rapidity ; time, 6 min. Sixteen cases were forced out with the ramrod. 
In some instances the base became detached by the ramrod, and the remainder of the case was 
removed with pliers. 

lY. Arm tested for endurance. 

First 100 rounds ; sixty shots fired. After the fifth cartridge every case was removed with the 
ramrod, or with pliers. On examination it was found that the cases were covered with a lacquer. 
This was removed from the remainder of the 100 rounds by means of alcohol. The cases were 
readily drawn by the extractor, with five exceptions, when the ramrod was applied. Dispersion of 
balls, 17 in. by 27 in. 

There being but 250 cartridges received for each Martini rifie, the number of cartridges used 
in most of the tests for these arms was necesaurily reduced, and one test omitted. One hundred 
and fifty cartridges were to be used in the fourth test. 

Fifty rounds, from some of which the lacquer was removed, were fired. The case of those from 
which the lacquer was wiped extracted easily : the others it was necesssry to force out with the 
ramrod. In one instance the extmctor removed the iron base of the case without starting the shell, 
and it was removed with pliers. The case of the forty-sixth cartridge could not be removed, even 
with the rammer and pliers. The test was discontinued. The arm worked stiffly throughout this 
test. The fifth test was omitted. 

Yl. Arm subjected to sand test : three shots fired. After the first shot the sand was sifted 
over the breech mechanism, closed, and one shot fired. Then the sand was sifted over the breech 
mechanism when open, and one shot fired. The breech mechanism worked freely, but did not 
extract the cases. Band waa found in the receiver, on the guard-plate, and in rear of the breech- 
block. 

YII. The arm was subjected to the salt-water test, and four shots fired. Arm somewhat rusted, 
but worked freely. In each instance the cases were extracted by the extractor on second trial. 

YIII. Arm tested with defective cartridges. No escape of gas from the first three cartridges. 

5 B 
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Oaa eeopod b.1 the bieeoh-block from the ronrth and fifth. Great enspe of gas than the tixth 
cartridge. The levQr waa unlocked, and the breeoh-bloak waa slightly lowered. 

IX. Arm tested for strength bj firiog iDOreesed ohargea. Gaa eeoaped from the braech and 

unlookod the lever. Arm oninjured. 

No BigDB of wear or weahnesa, vith the exception that the lever mi nnloeked in one inatanca 
by filing a defective cartridge, and fn two instnncea by firing immaaed ehiugee. * 



The Martini-Henry Rifie, 
Z.—Tht Ifariini Rifie, oal, JS {Img bloci), laU hg F. Martnii, SwiUenand. 
I. Waa diamonnted, examined, and fonnd to oonaiat of Bixt;-t\n) piecM. 

n. The arm waa fired for aoeuiaoy, with the Boxer cartridge (oylindrical paper-patohed ball), 
m. Arm fired for rapidity ; time, 2 min. 3S eeo. The caaea were not extracted in eveiy inituMO 
the first ttme the breeoh-blook waa opened. 

IV. Arm tested for endur»Dce with 150 rounda. 

First 100 rounds ; time, 12 min. DiBpeiBion of balla, 35 in, by 43 in. Two oases were removed 
with the ramrod. In one instance the base of the ahetl was removed by the extraotor without start- 
ing the caaa. The base waa pultcd off by the extractor withont starting the oaa^ which waa 
removed with pliers. In some instances the primers were pieroed. 

Fifty roonda. Dispersion of ball. 13 in. by 21 in. The csee«, with throe exoeptians, wers drawn 
by the extraotor. Arm worked stifSy ; barrel slightly foaled ; no leading. 

V. TTeather test omitted. 

VI. Arm subjected to the sand teet ; three shots fired. After the first shot sand iras sifted over 
the breech meohanism, oloaed, and one shot fired ; then eand was sifted over the breach meohanimi 
open, and one shot fired. After the second application of sand, the flriag pin at fiiat did not oome 
in contact with tbe cartridge, bat did after seveiSil trials. Arm worked stiffly, and with a grating 
noise. On examination sand waa fonnd in the receiver, in the notches of the tumbler, among tho 
pieces attached to the gn&id-plate. 

VII. Armsnbjectedto tbesalt-water le«t,and foor shottflred. Arm did not eook at first every 
time the breach waa entirety opened, bat did after working it some time. Bxtractoi started the 
eaaea, but did not draw tbea from the ohauber. 

VIIL Arm firad with defective cartridgca. No escape of gas from tbe first and third cartridgea. 
,ped from the seoond, fonrth, and fifth cartridges. The sixth nrtridfe nnlooked and alishtly 
d the lever. The npper stud of the safety device was blown oA Heavy escape m gaa 
w the breech-block. 

IX. Arm tested for strength, by firing with inoreased ohargea. Qas escaped bom tbe brosoh, 
and nnlooked the lever. 

With the exoepticQ above, no sign of wear or weakness in any of the parts, 

VL— Wabd-Bubtoh Bipu^ Figs. 2837 to 2843. 
The Ward-Burton rifie la the moat perfect and complete breeoh-loadlng fire-arm that haa &Ueii 
under oar notice ; this fact will be proved in the se^ueL 

The Ward-Barton Sifie, aJ. 50, mat hy W. O. Ward, Ntw Tori, 
L Waa dismounted, examined, and found to consist of fifty-seven pieoes. 
IL The arm waa fired with the United States' cortridge for aoonraoy. 
HL Tbe ann was fired for rapidity ; time, 2 min. 21 sec. 
IV. Arm tested for endurance, 
Fint lOOtotmds; time, 6 min. Distance between extreme shots, 99 in.; barrel much leaded. 
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Second 100 rotmds; time, 5 min. 35 sec. Diatanoe between extreme shofa, 57 iu. 

Third 100 rounds; time, 5 min. 10 sec. Distanoe between extreme shots, 58 in. 

Fourth 100 zounds; time, 4 min. 30 see. Balls wild; gun turned on the river; barrel rery 
much leaded. 

Fifth 100 rotmds; time, 4 min. 20 sec. Balls thrown on the river. 

Arm worked freely ; no signs of wear or weakness in any of the parts ; cases easily extracted, 
and thrown clear of the piece, 

y. This arm was exposed and fired as prescribed in the fifth test, from April 7 to April 16. 
Arm rusty, but worked freely ; no signs of wear or weakness. 

YI. The arm was subjected to the sand test. It worked freely, and very little sand was found- 
in the breech mechanism. 

YII. Arm subjected to the salt-water test. The arm was rusty, but worked freely. No signs of 
wear or weakness. 

VIII. Arm fired with defective cartridges. Slight escape of gas from the last three cartridges ; 
piece uninjured. 

IX. Arm was tested for strength with increased charges. Piece uninjured; shells were ex- 
tracted with difficulty. 

The Board remained in session, experimenting with and discussing the various arms and other 
devices presented to them, until the lOtn of June, 1870, when they adjourned, after having submitted 
the following report. ' 

We add the following recommendations and report as a specimen of American official jobbery, 
which is not far behind the best French or English specimen ; what pulled the wires, in this case, 
we are unable to say. 

Office Board on Tactics^ Small Arms, 4rc», St. Louis, June 10, 1870. 

Gensbal E. D. Townsend, AsjutANT-GENERAL U. 8. Abmt, Wasbinotoit, B.C. 

Gbnebal, — The Board of officers appointed bv General Orders No. 60, head-quarters of the army, 
Adjutant-Generars Office, August 6, 1869, and whose duties were enlarged by General Orders 
No. 72, of October 23, 1869, have the honour to submit the following report upon the subject of 
small arms and aoooutrements for the use of the army of the United States ; — 

Shall Abms. 

We respectfully refer, first, to the accompanying list of arms, aoooutrements, &e., submitted for 
examination ; second, to the dail^ record of proceedings, giving the plan adopted by the Board for 
testing the qualities of the vanous systems of arms submitted, the record of those tests and their 
results in detail , and, third, an abstract from the record, giving a history of the experiments with 
each arm. In addition to the recorded experiments, each arm was manipulated and its parts 
mmutely examined by the members of the JBoard. * Our investigations have been limited to the 
determination of the relative merits of the various systems of breech-loadmg small arms, without 
regard to questions of calibre, rifling, ammunition, &c. The main elements of excellence considered 
are strength, durability, and simplicity of breech mechanism ; ease, certainty, and rapidityof firing ; 
and security against injury to arms, or accident from use in the hands ot troops. The records of 
details developed in the various experiments have only beec made as incidental to the important 
tests above enumerated. 

The following are the results of the deliberations of the Board, in view of our experiments with 
and examinations of the several systems of small arms. We have selected the following six systems 
for infantry musket in the order of relative merit;— (1) the Remington; (2) the Springfield; 
(3) the Sharp's ; (4) the Morgenstem ; (5) the Martini-Henry ; (6) the Ward-Burton. 

For cavalry carbines the order of merit is, in the opinion of the Board, the same as for muskets; 
but it is regarded as easential for cavalry service that the Bemington carbine be so modified as to 
load at the half-cock. 

Only the first three systems named possess such superior excellence as warrants their adoption 
by the Government for infantry or cavalry without further trial in the hands of troops. Of these 
three, considering all the elements of excellence and cost of manufacture, the Board are unanimously 
and decidedly of the opinion that the Remington is the best system for the army of the United States. 

Of the breeoh-loaaing pistols submitted, the Board have selected the following six in the order 
of their relative merits ;--(l') the Remington single-barrelled pistol, with guard, centre fire ; (2) the 
Smith- Wesson revolver; (3) the Remington revolver No. 2. ^4) the Bemington revolver No. 5; 
(5) the Remington revolver No. 3 ; (6) the Remington revolver No. 4. The Remington is the only 
Bingle-banelled pistol submitted. It is an excellent weapon, but should be so modified as to load 
at half-cock. The Smith- Wesson is decidedly superior to any other revolver submitted. It should 
be modified as follows, namely : made centre fire : the cylinder lengthened so as to close the space in 
front of the breech-block, and countersunk to cover the rim of the cartridge ; calibre increased to 
the standard. The mcdn-spring of the Remington arm should be strengthened, so as to increase the 
certainty of fire ; also the plunger should be made to strike more accurately the centre of the base 
of thecartiidge. 

The Board respectfully recommend that all smftll arms be made of the same calibre. Iiarge 
calibre is regarded as even more important for pistols and revolvers than for arms of longer range. 
Pistols and revolvers should have the saw-handle .so shaped that in bringing the weapon from 
the holster to an aim it will not be necessary to change the first grasp or bend the wrist. The 
charge of powder for the pistol cartridge should be mortised as much as the strength of the weapon 
will justify, the limit to be determined by suitable experiments. 

It is the opinion of the Board that cavalry armed with the sabre should have one or two single- 
barrelled pistols as a substitute for the carbine ; and that cavalry armed with the carbine should 
have ^ revolver aa a substitute tor the sabre. When time will permit, cavaliy troops should be 
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ittstrneted in the^nae of all tliese arms : and all should be kept on hand with smaU bodies on the 
fW)ntier, where eveiy variety of cavalry service may be required. In large bodies of cavalry a 
portion should be armed with the carbine and revolver, and the rest with the aabre and pistola 

The Board recommend that the present dismounted officers' swords be exchanged for a small 
sword, light, straight, and with metallic scabbard ; that company non-commissioned officers' swords 
be dispensed with — ^first sergeants to retain the sash : musicians to have a pistol instead of a sword. 
Light artillery should be armed with the revolver instead of the sabre. All small arms should be 
made more uniform on tiie trigger than those now in use. The traction for muskets and carbines 
should be from 6 to 8 lbs. ; that for pistols 4 to 5 IbB. The sights of all rifled arms should be finer 
than those now in use in the army. In the Remington musket and carbine the comb of the hammer 
should be made longer, and modified in shape so as to rest more easily on a man's arm while at 
a support. The foro of the hammer should be somewhat rounded, so as to avoid cutting the 
hand in opening the breech. The Board recommend that the barrels of all small arms shall be 
browned. 

Batonetb. 

The trowel bayonet presented by Lieutenant Rice is believed by the Board to be a valuable 
substitute for the common bayonet, on account of its great usefulness as an intrenching tool. It 
also appears to be quite as formidable a weapon as the other. This, however, depends greatly r n 
the conception of the soldier who may be armed with it. The Board, therefore, recommend that 500 
trowel boyonets be manufactured and placed in the hands of twenty or twenty-five company com- 
manders whose companies are skilled in the bayonet exercise, and that they be instructed to try 
them with special reference to the morals upon their men. If this test prove satisfactory, the Board 
ceoommend that the trowel bayonet be adopted to the exclusion of all others. 

Oabtbidoe Boxes. 

The following appears to tlie Board to be the order of relative merit of the cartridge boxes sub- 
mitted ;— (1) Lieutenant J. Butler's pouch ; (2) Lieutenant J. Butler s box ; (8) General Dyer*s 
pouch; (4) Lieutenant O. L. Best's box; (5) Oolonel S. Crispin's box; (6) Lieutenant-Oolonel 
Roberts' box. Neither of those named seem quite to meet the present wants of the infiintry soldier. 
The Board recommend the adoption of a form cf pouch, a rough sample of which is submitted with 
this report, which shall Ailfil the foltowing conditions, namely ; The pouch to be of soft leather, except 
its face and cover, to be lined with sheepskin, and to be of the size and shape to contain one packet 
of cartridges ; the package to contain twenty-four cartridges arranged in three rows. The pouch 
will contain the same number of cartridges emptied into it loosely. Eiach man hhould be provided 
to time of war with four of tiiese pouches, to be properly distributed upon his belt. The cartridges 
should remain in the original packages until required for use, when one package at a time should 
be broken and the cartridge emptied loosely into the pouch for most convenient handling. In 
this manner a man will easily carry ninety-six rounds. In time of peace one or two pouches will 
be sufficient 

Equipments. 

The six sets of infantry equipments selected by the Board are arranged in the following order 
of relative merit;-— (1) renroee's equipments, complete; (2) Baxters equipments, complete; 
(3) Sherlock's equipments, complete > (4) Seymours knapsack; (5) Clifford's knapsack: (6) 
Mizner's knapsack. The Board do not regard either of those submitted as a satisfactory solution 
of the important and difficult question of the best form of infantry equipments. 

Tent Overcoat. 

The tent overcoat submitted by Charles Ewing, attorney, is not regarded by the Board as a 
good substitute for both the shelter tent and poncho, althongn it would answer well as a substitute 
ror either one or tlie other for infantir. It would not be a suitable substitute for the poncho for 
oaviilry. In view of these facts, and of the great number of shelter tents and ponchos now on 
hand, it is not thought advisable to recommend the adoption of the tent overcoat 

Picket- PIN. 

The Board recommend that the picket-pin submitted by H. W. Lyon, blacksmith Third U. S. 
Cavalry, be adopted instead of the one now in use. 

Bayonbt-sgabbabd Attachment. 

The Board also recommend the adoption of General Hoffman's modification of the bayonet- 
scabbard attachment, as being equally applicable and valuable with the common or trowel 
bayonet. 

All other articles submitted to the Board were examined, as well as those specially named in 
this report and in the daily record, but none except those specially referred to were regarded as of 
sufficient merit to require special notice. 
All of which is respectfully submitted. 

J. M. ScHOFiELD, Major-General. ' 

J. H. Potter, Lieutenant-Colonel Fourth Infantry, Brevet 

Major-General U.S.A. 
W. Merbitt, Brevet Major-General, Lieutenant-Colonel 

Ninth Cavalry. 
Jas. Van Voast, Major Eighteenth Infantry. 
J. HAinLTON, Brevet Colonel, Major First Artillery. 

Ordnance Office, War £>epartment, July 8, 1870. 

Respectfully returned by the Adjutant-General. 
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The opinion expressed by the Board in regard to the relative merits of the seyeral hreeoh- 
loading systems for small arms is not wholly concurred in by this bureau, and is not, it is thought^ 
sustained by the record of the proceedings which accompanies this report, which shows that serious 
defects existed in the Bemington arms, not observable in the Springfield or the Sharp's, such as 
frequent failures to explode the cartridges, occasional sticking of the empty shell in the chamber, 
and the difficulty of moving the hammer and breech-block after firing with heavy charges. The 
first two of these defects, and also the objection arising from the arm bein^ loaded only at full- 
oock, have been brought to the notice of this bureau by the commanding officers of all companies 
using this arm. These defects show that the Bemington arm should not be adopted before being 
thoroughly tested in service. 

I agree with the Board that the Bemington, the Springfield, and the Sharp's sydtems are 
decidedly superior to all other systems which have been Drought to their notice, and I recommend 
that 1000 muskets and 800 carbines be prepared according to each of the three systems, and issued 
for comparative trial in service ; companies of -infantry and artillery to have an equal number of 
muskets of each system, and companies of cavalry an equal number of carbines of each system ; 
monthly reports on the comparative merits to be made regularly to this bureau by company oom- 
.manders, durine a period of not less than twelve months after their first introduction into service, 
upon forms to be fumished by this bureau, which reports, at the end of twelve months, to be 
laid before a Board of officers, to be appointed to select a oreech-loading arm for adoption by the War 
Department for the military service. This department is now maMng the Springfield musket, 
ana is preparing to make the Bemington musket for the navy ; and it can readily have some of the 
Sharp's rifles on hand converted into muskets. 

I recommend that authority be given to this bureau to purchase 1000 Bemington single-barrel 
pistols, calibre 50, and 1000 Smith and Wesson revolvers of same calibre as our army revolvers (as 
recommended by the Board), and to have 1000 Bemington revolvers altered after the plan of revolver 
Ko. 2 ; these pistols to be issued for comparative trial in service, as in the case of the muskets 
and carbines. If the revolver is to be retained in service, as I believe it should be, I do not think 
that the calibre should be increased to 50, which is the established calibre for muskets and 
carbines. 

The recommendation of the Board that the barrels of all small arms be browned is not concurred 
in at this time. The Ordnance Board in 1868 recommended that *^ the sense of the army at large 
be ascertained in regard to browning arms in the hands of troops," and steps to that end have been 
taken, resulting in conflicting opinions from the field. Becently a Board of officers recommended 
that some arms should be plated with nickel and tried in service, and measures have been taken 
by this department in that direction. A limited number of arms might be browned, as recommended 
by the Board, and tested in service with other arms. It is recommended that 500 trowel bayonets 
be made and issued, as recommended by the Board. The i^ecommendation in regard to cartridge 
boxes is concurred in, and it is recommended that a smaU number of each kind be procured and 
issued to troops for comparative trial. The recommendations in regard to picket-pins and bayonet- 
scabbard attachments are concurred in, so far as they apply to future faorications and pnrcbases. 
AU other recoinmendations which relate to and affect this department are concurred in. 

A. B, Dyeb, Brevet Major-General, Chief of Ordnance. 

Jleadfqttartera of the Army, July 12, 1870. 

Bespectfully submitted to the Secretary of War, eonourring fully with the report of the Board. 

W. T. Shebuan, GteneraL 

The reooomiendations of the Chief of Ordnance are approved by the Secretary of War, July 
16,1870. 

Edward Sohbivsb, Inspeotor-Gkmeral. 

The pious ardour of a political bishop, the patriotism of a well-paid official, or the extravagant 
views of an ordinary visionary inventor, may be readily exposed and moderated or damped by the 
application of a little sound reasoning, or by a trifie of common sense ; but the bumptious preten- 
tions of the inventor of a breech-loading fire-arm cannot be quenched, — ^they are irrepressible. The 
gun inventor requires but a smattering knowledge of mechanics; indeed, he only requires to know 
now the old gun-lock was formed, and how operated to strike a spark by the action of flint upon 
steel ; this old device, so well adapted to effect the punxise for which it was designed, he generally 
retains to effect a diBsimi'lar purpose, namely, to exploae ihe fulminate of mercury, of which we wUl 
speak presently. 

Out of every 100 men taken at random we have estimated that 54, at least, have contrived a 
breech-loading fire-arm : to those of the remaining 46 who are not driving a wedge on some War 
Office, our remarks are addressed. 

To obtain the full advantages from a breech-loading fire<arm, the following qualifications, 
piarked A^ B, C, &c., are indispensable. 

(A). The arm should be light, strong, serviceable, cheap, and readily made. 

(B). The breech action simple and easily understood ; the combined pieces easily taken apart, 
to efl^t cleaning or repairs, and afterwards easily united without the use of tools. 

(C). The parts of the breech subject to motion should be well protected from sand, dirt, or wet * 
capable of long-continued and rapid firing without having but seldom to be cleaned. 

(D). The gun should give a low trajectory with light recoil. 

(E). The breech should resist squarely and effectively the force of the explosion ; it should havo 
its resisting power equally distributed all round the axis of the bore of the barrel. 

(F). The breeoh should be so constructed that, in the event of a damaged cartridge being used* 
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or in tne case of a cartridge bursting, as is often the ease, par- 
ticularly with the Boxer, the escaping gas should be directed 
off so that it could in no way injure the face or eyes of the 
soldier. 

(G). The breech mechanism should be composed of but few 
parts, and be of a nature not easily damaged or broken when in 
use : there should be few, if any, screws to be removed, so that 
in the event of a casualty the soldier can repair damages upon 
the field of action without the aid of an armourer. 

(H). A breech-loading gun is not perfect that is confined to 
tne exclusive use of a special cartridge; and that cartridge 
should be fire and water proof, — not to be ignited bv exploding 
of shells, or damaged by damp, rain, or from being transported. 

(I). And, lastW, a fire-arm should have the stock in one 
piece, and not made up of different pieces. 

The gun invented by Bethel Burton, with its details represented 
in Figs. 2837 to 2843, satisfies all the requirements which we have 
marked (AX (BV (G), &c. Besides, it is impossible, even when firing 
loose powder, to blow out the movable breech, which is suited to anv 
calibre : the piece weighs but 8 lbs., and its penetration is great. 
The fire-arm represented. Figs. 2837 to 2843, has lately received 
some important improvements, which Burton has patented; the 
following description is tekea from his specification ; — 

Fig. 2844 is a side view of the arm, ready to fire. 

Fig. 2845 is a longitudinal section of the same. 

Fig. 2846, the lx>lt and cover detached from the screw-support, with the 
spiral spring and piston projecting from the chamber of the bolt. 

Fig. 2847 U the lever which works the bolt, with the screw-support 
attached. 

Fig. 2848 is a front view of the same. 

Fig. 2849 is a front view of the bolt. 

Fig. 2850 a view of the piston. 

Figs. 2851 to 2856 are sections of my improved cartridge. 

In describing the parts, a is the stock, 6 the barrel, e the breech, 
d the screw-support, d^ the lever attached thereto, cP the spiral spring in 
the lever between the pin d* and screw d*^ e is the cover and «' the bolt 
in one piece, / the piston-rod, p a rib on the piston, p a groove in the end 
of the piston, p the finger or sear, P the trigger, g the spiral or main 
spring, A the extractor, h} the pin for ejecting the cartridge, A* a pio for 
fastening in the extractor, t a groove in the breech at the end of the 
barrel, «* a hole through the breech into the groove, ; a bevel on the under- 
side of the front end of the bolt, k the position of the hole for the pin A* 
in the bolt, / the triggei^spring, m a stop-pin in the screw-support, n a 
groove in the screw-supiwrt in which the rib p works, o a groove in the 
finger />, and p a groove in the after-port of the cover «, 9 a cam or incline 
on the coupling or end of the bolt e*. 

The breech is bored out and securod to the barrel in the usual way, 
a&nd in the rear end of the breech there is formed a sectional screw corre- 
sponding to the one on4he serew-eupport d\ the whole of the threads of the 
screw in the breech are removed for | and VW of an mch. The screw d on 
the support. Fig. 2847, is not cut dose up to the face of the lever, for | and 
•^ of an inch, but Is left solid. A groove is made cloee up to the face of 
the lever, and down to the diameter of the bolt, and one-half the distance 
from the face of the lever to the screw d^ on the edge of which a bevel is 
made to fit a corresponding bevel p in the cover e which forms a dovetaiL 
The screw-support d is bored out, as seen m dotted lines; the end of the 
bolt is turned down to fit ; the thickness of the metal being divided, the 
strength of both is e(}ua]. A hole is bored out in the ecrew-suppor^ and 
into the lever same size as the hole in the bolt, for the piston and spring to 
work in ; the parts are then pushed into each other, and the lever turned, 
when they are firmly united together in the manner seen in Fig. 2845. 
In order to prevent the lever from turning until in its proper place. Burton 
says, I make a hole in the lever to within -^ of an inch of the front face of 
the lever. I then make an oblong hol& clear through, which leaves a 
shoulder on the inside. In the other end of the hole I fit a screw cf*. I 
make a pin cP to fit m this hole by filing off two sides, which forms a 
shoulder or head on the pin, the head of which I make about -^ of an 
inch, and place the pin in the hole ; I then put in the spiral spring, and 
the screw which keeps them in place. In the rear end of the cover 9 I 
make a slot in which the point of the pin d* can readily enter. In coupling 
together the bolt and screw-support the pin d* is pushed back until the end 
of the cover 9 comes against it. The lever is turned until the stop m meets 
the side of the cover e, the point of the pin d' then enters the slot in 
the cover and prevents the lover from turning untU the bolt is pushed 
forward when the point of the pin d*, which projects above the top of 




chsTRe; it Is then In the positioi 

, ^.,.j___,^_ ^^^ i^it^ ti^j 

_., n ia cut on which the point of the lib /■ of tho piston works. Then 

of the rib /* enters the groove n in the screw-support when the l&tler is united to the bait; when 
the lever u turned, the rib p, being in the groove n, causes the piston to tnrn with the lerer, 
and the poiot of the lib to tarn up the inollue oi cam g, oompressing the spring and foicinz tha 
piston back, so that tbe fiwe of tha piston at/* does not come in contact with theflogcr/* until the 
bolt is pushed forward, and the aectiooal sorews commence to engage in each other. The pieanire 
of ttie eprine upoQ the piston is then tnmsferred from tbe cam on to the finger, oonsaqueutlf in 
opening or closing the breech there is uo force required, The bolt is allowed to move in and oat 
bj means of an oblong slot x, y, in which tbe end of the finger f works. B; mi^ng the 
coupling of the acrew-Bupport, witli the bolt, behind the finger. 1 do away with the neoeastty of b 
croBs^lot to allow the boU to work ou the finger, by which I sireogthen the bolt very maleriall;. 
I strengthen the bolt additumall; by the oorer and bolt being iu one piece, tbe ooTor serviiig 6k a 
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. . a partially through tbe extractor and retains it in plac 

than the hole in which it worta, projects into the slot x, x,BoU]atwh , 

out theendof the pin h' strikes against tbe Sneer /*, is driven [nrword, strikes the h<«d of the Cftrt- 
ridge, and expels it ^m tbe cbambet of tbe breech, as InJicated In Fig. 2845. Upon the pin A* 
there Is a fla^ and in the nnder-aide of the bolt there Is a set screw, the point of which passes np 
anil on totbis flat, on the pin h\ allows the pin to move in the hole, bnt prevents it from coining 
out. The breech is formed so as to allow the bolt and cover to pass in and out; a strap running 
from ctoh. Fig. 2815, passing over the cover, gives the necessary strength. Ad opening is eat in 
the breech in front of the strap to allow access for a c&rtridge in and out of the chamber of tha 
breech, which opening u filled up by ttw cover « when in place, see Fig. 2W4. In order to prenut 



a gioora ooiTespoiidiiig to tlw groore in the fiMoo, which engiige each other witea the bolt i» piubed 
tunuB and the levor tnnied into the pantim tMii at Fig. 2844. The opening in tho Diston f^ ia tben 
brought opposite the fliiRer /*, the flingei ia then hee to oe palled down by the tr 



blow ignitei the folminata and flraa the ohargs. In order to cairr the arm with safety when loaded 
and the breech dosed, a bolt on Uie ontiide rear^nd of the bree^ leaembling the boll of a door, ia 
made to enter a hole in tho IcTer, which prerenta the lever &om turning, and while in that pocitton 

""" ' ' n the finger/* and piaton/* engage each other, and prevent the posaibilitT 

-"- - --- •^- '-" -' -'--->--'- J- ■>-- '— ■ "-.e lever nutil 



To fire tho arm remove the bolt out of the hole in the lever, ti 

ia again ready to fire. The aafet; ogalaat 

tongue and groove on the fluger and puton ; 

the piaton would oomo in oontact with the cam q on the bolt before the pomt 



the Bon)w.aapport ia entirely aorewed up, and the arm ia again ready to fire. The Baf« 
premature diaoharge of tho arm ia not depending on the tongue and groove on the finger a 
the end of the rib /> on the piaton would oomo in oontact with the cam q on the bolt befon 
of the piatm strwA the cap, iboald the trima be puUed before the bi«eoh-bolt waa entiM , 
np, which makea the arm doubly tafe. BDonld damaged cartridge* be need, in coder to prevent 
gaa-eiaape from coming in the fine and eyeaof the penon firing the ann and from al<«g1ng the 
bolt, thraeby preventing 11a free action, I make a groove ■ in the breech at the end of tEe biuTel. 
ThiDogh the breech I make a number of bole* Into thii groove, aa leen at i''. Fig. 2844 . the gaa 
etoaplog from the damaged cwtridgw enteiB thia grooTS i and out throDKh the horee i' in the br«ech. 
I form a lip on the end of the barrel. Pig. 284S, which I bevel off. I fJao bevel off the nnder-eide 
of the bolt }, M teen at Figa. 2845, 2846, and fit the end of bolt cloee up to the end of the barreL 
The bevelled lin on the bane) allows the cartridge when placed in the chamber of tho breech to 
■Ude into the cliambei of the barrel by the forward motioo of the bolt, without the neoeaaity of 
entering the cartridge by hand into the chamber of the barrel, which very much faeilitatea the 
loading of the arm. The end of the bolt being receaaed forma a aupport for tlie bead of the cart- 
ridge, and prevents It from dropping down from tho hook of the extractor while it ia being palled 
ontofthoohamber of the barrel, and expelled therefrom by being atruck by tho pin h' in the bolt 
in the mannet desoribed. I, aaja Burton, make mv cartridge caae with the ba«e uicreon of felt hf 
one and the aante.ptoooaa, after the manner of making felt beta, or by any other autlable ineaDS ; 
the haae being formed imoolh and even can be more aeciirely riveted to the metal base. Fig, SS54, 
than thonah the end of tho oaae waa tamed round to form a baae : the awe may bo made of ebeet 
biaai or other metol if deaired. The rivet, Figa. 2SS3 and 2855, la made of bnua or other auitablo 
metaL Fig. 285S, to form an anvil, bat the rivet, Fig. 2853, m^ be used with a loose anvil if nre- 
larred. In pattinstogether the differaat parta of the cartridge, I place the nvet, Fjgs. 2SSS oi 
In the metal cap, Pig. 269^ and solder them together to proven' " . . --- 

and place them in the cartridge case. I place the base or head, 
the end* of the rivet over, riveting the whole firmly together, i: 



BBia the lock for drawing the neodle-bolt beck; it is in the form of a litllo luUi withapm- 

K^ting thumb-piec« at one end, and a little tooth or c«tch (catching the projection n' of tho ticcilli'- 
it) at the other; it is, moreover, held in ita place by Ibe locking apring A, bul can be drawn beck 
when b ia pressed down. 

C C la the cbamlicr, nlso Inbnlar, in which ia fixed tho necdli-piido rf. Thia chamber alidea 
backwarda and forwards in tho outer case, by an action precisely aimilai lo a atrpel-door bolt, nnd 
it is faruighed on the ontside with a knob or handle by which to movo 't, boU-fasLiou, a elut being 
cut leagUiwise in it to allow it to pasa the catch A, Its bevelled or conical eud cxsctly Bis Uiu 
corresponding bevelled or conical end of the barrel, and it ia forced into clono coulaet with tlte 
letter by a ridewiae motion of the knob, which motion, by thrusting t lie Imije of the knob c HgninHt 
tlio alightly inclined edge / of a dot iu the outer case, jams the two bevelled lutruces together, and 
thus lightly closes the breocb. 

D U the trigger acting upon the wpdog^, and thus npon the catob h. The upper eurfaceof tho 
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trigger^s horizontal ann takes its pnrobase against the under-side of the case, and is fmnianed 
with three knuckles or points of pressure; according as any one of these knuckles is pressed 
against the case (by pull upon the trigger), so will the catch A be drawn down to a greater distance. 
The first one is in bearing when the gun is out of use, or immediately after firing ; when the oeconA 
or middle one is brought to bear, the catch h is drawn down sufficiently to allow the needle-bolt 
shoulder a to pass over it ; when the third is brought to bear, Ms so far withdrawn that the whole 
of the lock-tube B B will pass over it, so that a soldier can, if necessary, disable his gun in a 




First, the thumb is pressed upon the spring 6, and b^ means of the thumb-piece the small lock- 
tube is drawn back, pulling with it— by means of the little tooth at the opposite end-— the needle- 
bolt, tQl the shoulder a is caught behind the trigger-catch A. Then, by pulling the knob a little on 
one side, and at the same time pushing it towards the butt-end of the stock, the chamber G C, with 
the needle-guide, is slid back, and a clear space is left in that part of the case which is in our 
drawing occupied by the needle-guide. Through the opening thus made the cartridge is ineerted 
into the end of the barrel, as shown by the dotted lines in the diagram. The chamber is then 
bolted up again, and the thumb-piece (and so the lock) is i>ushed forward to its original position* 
The ppsition of things is then just as shown, with the exception that the needle-bolt, and with it the 
needle, is held back by the shoulder a, catching against the triggez^etent A, the spiral spring being 
of course compressed or in tension. The gun is then ready for firing, the trigger is pulled, h is 
drawn down, and the spring, released, darts the needle through the guide into the cartridge, the 
blunt end of the needle sharply striking the fulminate and thus igniting the charge. 

The barrel of the gun is, in the latest pattern, 32 in. long and ^ of an inch bore, the breech end 
being widened out to admit the cartridge easily : and it is rifled with four grooves, ^ of an inch 
deep, the rifling taking one turn in 28} in. The total weight of the guu, without the sword- 
bayonet, is lOf lbs. 

The chief objections to the needle-gun are doubtless the danger attending the transportation of 
its paper cartridge, and the delicacy and complication of Us mechanical arrangements. The cart- 
ridge, unlike the metallic, does not assist in any way to prevent the escape of gas breechwards, so 
the junction of the chiumber-closer or breech-bolt with the barrel must be a perfect mechanical fit, 
like the safety-valve of a steam-boiler. If a little sand were to get into the joint an injurious 
escape of gas would be inevitable. 

The Peabody Qua is represented in section. Fig 2858. A A is the breech-block hmged on the pin B ; 
C is the pin, or striker, which transmits the blow from the hammer to the cartridge, and which ia 
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The Peabody Rifle. 

capable of a small sliding motion, determined in amount by the pin passed through the oval bole O. 
In order to open the breech, the trigger-guard is drawn down, by which the breech-block A is 
depressed, and, catching on the lower part of the elbow-lever D, jerks out the empty cartridge case. 
By cocking the piece, inserting a fresh cartridge, and pulling up the guard*lever, the gun is again 
ready for firing. This arm is very deficient in the qualifications (A), (B), (0), (E), (G), and (I). 

The gun of Albini and Braedlin, Fig. 2859, is on the Mont Storm system, calibre 0*462 in., 
adapted tor central-fire cartridge. Breech arrangement put on as a shoe. The pistcm or striker 
passes through the longitudinal axis of the breech-block, and receives the blow of a horizontal bolt 
worked by the lock. The extractor consists of two simple forks hinged on the pin of the breech- 
block, a projecting catch on the back of the fork meeting a similar projection on the block, which, 
in being turned back, acts ns a lever to extract the empty cartridge case. Ammunition : special 
cartridge, length 3*4 in., weight 689 grains; bullet cylindro-conoidal, with a basal cavity packed 
with choppea blotting-paper, weight 480 grains: charge of powder 68 grains. Weight of sixty 
rounds packed, 6 lbs. It will be seen bv a reference to Fig. 2859 that the rifie is a combination of 
the Mont Stonn and Bnider systems, the arrangement of the extractor being the chief novelty. 
The breech-block B is here shown open, and the cartridge extractor E in the act of drawing the 
empty cartridge C. It possesses one or two improvements on the Snider rifle. For instance, if the 
cartridge does not go home fully, the breech of the Snider cannot be closed, whilst in the case of 
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the Btaedlln the meie oloaing of the breeoh helpa to force the oartridge to Ita pUee, Again, Um 
RiSia at the stnkei ia in a tine mth the aiie ot the barrel, aad thoa the cap Id the oartrldge, being 
atrnok more fairly, BtnniJs a better cliance of ignitioo, and the ptotnuion of the exploded cap 
cumot, of oonraa, prerctit tbo breech from being opeood. It U eoarcely nrnrmaTj to remark that 
this flre^rm ia duflcieot of the qu&Mcatioaa (A), (B), (C), (E), (O). 



Th< Albiul-BnedUn Gun. 
Tit Oitxatfot Bifi*, Fig. 2860, the wi 
high degree the qnnliOrationa markci 
(P)i(Q)i(H) Tbia la ft needle-gim. ThefulnjiiiBtei« not iiifnint,bDt iniCMof the<;barge,'(iQdu 



The Chanepot RiHp. 
contained in an ordinar; copper cap. The chief feature of the invention, hoirever, eonaista \n the oon- 
farinnce ndoptcd for preventing the escape of gns broechworda. The hemetic oloeiiig of the breech 
part* ta obtained b; the inataDtaneomoomiireiaian, under I ho action of Iho exploBion, of a Tutcanized 
caontchono washer interpoeed betwtcti the frunt face of tbo brcech-boU and a flange, or aboalder, 
upon the needle-guide. The needlc-guido bcin^ movable, and tbo front face of the bolt being 
Bied, the indin-mbber washer U nippeil bctwi'tti tbem. The waaber and tho flange or ahonlder ore 
of a little leas diameter than the breocbiti which Ibov ore fitted, so aa to facilitate their pla; therein, 
bat the diameter of the bont &ce of the brooch-bolt is, as nearly as peaaibl^ equal to the inner 
diameter of the bieoch. When the eiplceion takes place, the pressure transmitted by the niovabte 
needle-gnide to the waahor ia Huch, thut the taller ia compressed sufficiently tooloae henottieeJly 
the re*r end of tiie barrel ami thereby prevent all gae-escape. After the charge is fired, and the 
preaanre removed, the wnsher, by virtue of its elasticity, rcttims to its natural pOBiti-m. The ring 
or washer ta eompoaed of three liyers of diOcrcnl d^rees of hardness, the two outward layers tieliig 
of motdi harder anbstanoe than the centre one. an that on l>ciT>K urtsiKil the intcrmediBte layer, whioh 
la perfectly eUatio, exponda. A rcfcn-nce to Fig. 2SG0 nil] explain the nature of tbia bteeeh-closing 
arrangement. The India-rubber ring a is cnmpieaaed by the nccdU-guide C between the washell 
c, b, when the oliaige ia ignited, and is therefore forced to flU tho banel in which, in its noruutl Llato^ 
it la a loose flt. 

The following pvtiaolara relate to tho Chassepot rifle :— 

Weight Ikiloa. SOgi 

CaUbre 11 mlllimetrai 

Bange lOOOmttrea.. 

Weight of cartridge .. SI gnumnea 

Weight of hall .... 24 „ 

Weight of cliargc ., 5J „ 

NuinberofgroaTca .. 1 
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7^ ifariiiti-fffnrt/ Hi/U, Tig. E836. to wtitch a. barrel: &, body; e, blookj deblock axlB-pIn: 
«, itriker: /, Bi»in-«pring . 9, Bton-nnt A. exitaetor; i. eitractor aiis-pin; >, rod and Tore-eiid 
balder: k, rod «nd fore^nd holdei-ecrev: I, mmml . m. stock tbre-end; n, tumbler; d, levei; 
p. level Bod tombler ■liB-pin : 4, trigger plate and guard} r. trigger; 9, tamblcr-retl; t, trigger Bad 
Teat B£U-pin; u. trigger sod rcat-epring; e, itock-Dutt w, atock-bolt: >, lever catch-block Bpring 
ubd pin; A, locking bolt; E. thumb-piece 

With reg&id to tbe lo-c&lled Hartini gun, better known In tbe United Statea and Cannda as the 
Peobodv gun — ia wbicb place* m well na in BwitzeilBnil. with thia arm numeroua accjdeiita )«Vb 
occmrad, nnd all triaU with it have been amBtiafacIory — the Woolvioli oommillee on small arms, 
after two jean' inveatigatlon, we thould liave aaid dodging, at neat eipenae to the nation, recotn- 
mended Ita adoption M the best arm for the Britiab aoldier. Without lieaitation we proclaim tfaiia 
truth, the Martini ride ia the moat ooatly and difflcnit arm to manafactuie, and it ia deficient in 
eva^ eaacntial point from (A) to (1), with the eioeption of (D) and (F). 

WalUy RichanU Sifit.— Fig. 2SG1 ia a longitudinal aection of a portion of a breecb-lowling Atb- 
arm conatruoted ou tbe Pe«body tystem. 



a ia a portion of the tmrrel, and b the body or frame Into tho tnckel at tbe fore part of which 
the barrel la acreoed ; c ia the drop-block jointed at its rear end tu the body ; d ia the haad-lever 
for anpporting and working the breech-block, it turns on a pin or axis a' oarried b^ the aide cheeks 
of the body ; > ia a amall lever which by the spring a' ia cauaed to bear on an incline on tlie boee of 
the hand-tever, giving tbe band-lever a tendency to remain at either end of ita conrae ; / ia tbe 
trigger plate and guud, it ia Qied to the aide cheeks of the body b; plna f and P ; it carries the 
hammer g on the aiia g', the main-apriog h, tbe trigger ■', and (lie aeur k, which, aa ia ahown, ia 
mounted on the same pin as the trieger. Tbe main-apriiig may either preaa directly on the hammer 
or act upon it througb a swivel or link. The eear-apring I ia eJao carried by the trigger plalc and 
guard : in ia the atriker capable of alidine in a straight Ime in a bole bored and slotted for it in the 
breech-hlnck c. The stop-pin n limits the motion of the striker in a beokword direct on and prc- 
venta it escaping fh)m the block: m' iaa projection on the striker with which, in opening tlie breech, 
the inner end or arm iP' of tbe hand-lever d cornea in contact, tbe striker ia thua puabed back a short 
distance, sufficient to retire ita nose beneath the face of the brcecb-block c, before the lever acta oa 
the block (o eatiae it to drop. The back of the atriker pushes back the hammer until the breech ia 
partly open, and then the aides of the drop-block act agoiuet projectiona j* on tlie Laiamer and carry 
It back until the fiill-cock bent upon it ia cangbt bf tbe aear. On abutting the breech the drop- 
block and striker return, leaving tbo hammer retaini-d by tbe sear. On proaaing the trigger, tha 
aear-noae is lifted out of tbe bent and the hammer delivers ita blow npnn the ttrikcr and the cart- 
ridge ia Qred. is the extractor, and p a level bolt for locking tie trigger. 

OF this gun we have only to add, tijat its imaginary improvements consist of a confnsed complica- 
tion of ita parts, and looks like an endeavour to evade the Peabotiy-Miirtiui system, like which it ia 
deficient in all the qualifications fmm (A) to (1), except (D) and (F). 

The Ramn-iton Sijit.—mg. 2835 ia a aide view of tho breech. 

In this riSe there is no oasentiatly novel feature in the stock a, barrel (, or frame c. Bcmington 
in his apeoiflcation observea, " I prefer to arrange tbo hammer d centrally behind tbe awinging 
breech-piece e, and to form the same with an extenaiou d'. which serrea aa a tumbler, and which U 
provided with notches 1, 2, for the trigger / to take into, but if desired a separate tumbler may b« 
naed, the hammer being then arranged at the side of the breech. The breeob-pieee « which ia 
curved on its upper anrlaoe to allow it to awing down in front of the hammer d (or the tumbler) ia 
bored or reoeased from the rear to within a slight distance of ita front surface a" which lies in con- 
tact with the cartridge, this surface being perforated at «* to form a paaaoge for the needle g. Tha 
aarfiice «' of tbe breech-piece is quite plain or flat, and closes the breech ptrfrctly without any valvo 
or gaa-obeok aocb aa ia ordinarily employed iu breocb-loadiug anna when paper cartridgea are used. 



the Barne wid the oeedle are drivsn forwud, 1 mske the Baid bolt boUow and ineert the spring 
within the rame. By this meaiu the bolt h can be driTen forward till iti end A' is in contact or 
nrarly eo with the end of the leccas r'. To allow the bolt A to be thus made hollow, the needle g, 
iiutead of being in the centre, is fixed near the periphery of the said holt and (as 1 now construct 
the arm) above the centre of the anme. In order that the bolt h may not be driven too far forward 
the bre«Kih-pleoB at the back of the tecew or chamber «* is formed to act b« » ttop to the hammei d. 
To drive tie needle forward the re- 
quired distanoe, it ii neccMary in thia 
arrangement of part* that the end ot 
the hammer ahonld follow the bolt aome 
diBtanca in the recew <". For this pnr- 
pnee I form the end of the «Bid hammer 
with a circular or other shaped piece 
tfl, which projL«la beyond the shoulder 
</* and enters the reccM, the said piece 
being of such a length that the bolt and 
needle are drivenfar enough forward to 
effect (he explosion of the oartridge be- 
fore the hammer is stopped. The escape 
of tlie bolt or pin A from the receu s* is 
prevented by a screw or pin e* which is 
pa«8i d throuj^h the side of the breecli- 
piece t, tbe front eud of the bolt being 
formed with a atop A' which will not 
pass over the said screw. It is desir- 
able that the distaoce between the 
centre of the barrel 6 and the axle-pin 
} of the breoch'pieoe t should be as 
short as possible, and for this purpose 
the circular part ** of the breecb-pieoe 
which inrronnda the said axle-pin ta 
made concave at <* on the side adjacent 
to the barrel b. Tbe lower part of the 
end of the barrel which lieain tbUcon- 
cavo part e* has a portion of its exte- 
rior surface cut away at &> to make it 
conform to the shape of the ooncavlly , 
-" 't the breecb.pieoe. A oompact 

tat^mant nt iuii4a ia <Kii>j Obtained 

Qt of the 

ly its dose 



lower part of the barrel being cat away 
(to make room fur the joint of the 
breech-block), the force of the explo- 
sion prenes that part down on (he jomt 
of the block, and prevents the block 
from being drawn or turned back to oi 



through both sides ol the frame e." 

This arm of Remington U greatly 
deficient maUonrreqiurumentj marked 
(A) to (I). 

The so-called Berdan gnn, Fig, 
2862, is merely a eltmuy attempt to 
evade the palenta ol Bethel Burton. 
Fig. 2S02 18 a loDgiludiQal vertical >eo- 
tioQ of this breech-loader taken along 
the centre line of the barrel. The open 
part of the breech A which receives the 
cartridge is provided at its lower part 
with a cavity d in which the dirt and 
dual may be received. Tbe extreme 
faces oi Ibis receptacle are provided at 
/ and J with two inclined planes. It 

may be remarked also that the cloaing projection & of the morable hreeoh Is on the om hand 
prolonged in front aufflcicntly fur to am>ra space for the screw B wbioh Becarei the caitrldgs 
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extractor above the hook of the latter, and on the other hand to form a stop far the bolt, which 
■top shall come in contact with the flized breech when this bolt is pushed forward. The hmg 
collar or socket D which encloses the bolt G is shown of sufficient length to enable the spring H of 
the striker to be long enough to ensure a regular and certain action. 

Tlie trigger-spring M operates on the end r of the shorter arm of the trigger, which in its turn 
transmits its action to the shorter arm a of the curved tumbler or lever N. This lever is so con- 
structed as to enter the bottom of the full-cock bent or notch m during the forward movement of 
the latter by reason of the end t of the tumbler K being situate above &e axis on which the lever 
itself works. Care has also been taken to provide the half-cock bent or notch n with a heel, which 
prevents the end t of the tumbler or lever M from being disengaged therefrom by any manipulation 
of the trigger L. The rib or projection p in which are formed the bents m and n is cut with an 
inclined surffvce, so as to ensure the free play of the bolt G and the entrance of the point t into the 
bents. To the under-side of the breech-piece A there is fixed a blade-spring O, wmdh at one end 
terminates in a curved surface P intended to facilitate the automatic introduction of the cartridse 
into the barrel, whilst the other extremity of the spring tends constantly to elevate the piece Q, 
which is provided with projections u and v ; the projection u^ Fig. 2862, is intended to restrict or 
limit the recoil of the bolt C by entering a notch x formed on the under-side thereof bdiind the 
enlarged extremity K ; thus it is simply requisite to press upon the end of the piece in order to 
remove or detach the bolt or sliding breech as well as the parts connected therewith ; the projec- 
tion u serves also by entering the notch x to prevent the bolt G from sliding forward and cloeing 
the breech when the muzzle of the gun is inclined downwards. The second projection v of the 
piece serves as a stop or obstruction to the flange of the cartridge when it is drawn back by the 
extractor I^ and thus facilitates its automatic discharge from the arm. The extractor I is contained 
in the closing projection of the bolt G. It is maintained in its place hj a screw R, against which 
it is constantly pressed by a helical spring S disposed at the rear end of the part. The dimensions 
of the chamber whidi encloses the extractor are such that the latter may have sufficient play 
therein to allow it to seize the flange w of the cartridge when moved forward with the bolt at the 
time of closing the breech. In order to keep the catch of the extractor lowered upon the flange w 
during the whole time of opening the br^ch the upper surface of the catch is formed with an 
inclination x beuing against the screw R, which thus serves to regulate the position of the ex- 
tractor in its sheatn or chamber. Another inclined surface y causes the extractor to mount over 
the flange to of the cartridge case T at the moment the catch or claw encounters the flange when 
forcing the cartrid^^e into the barreL 

We describe this arm, not for its merits, but because it is a good specimen out of the many we 
have examined, to show how the would-be inventor of a breeen-loadmg flre-arm appropriates to 
himself the ingenuity of others ; such cases fully represent how deficient are our Patent laws, which 
grant patents for the same inventions over and over again, thus turning the Patent Office into a 
mock^uction shop, and thus enabling unscrupulous persons to set aside the honest meiitonoua 
inventor. This arm is totally deficient in (A), (B), (C). (E), (P), and (G). 

Fig. 2863 represents how the parts of J. H. Burton s gun are combined ; it is a longitudinal 
section, a shows a portion of the stock ; &, a portion of the barrel ; c ia the sight ; d is the shoe in 
the cavity (between the breech d^ and the bridge cP) of which the cartridge is placed. The cart- 
ridge is forced into position for firing in the breech end of the barrel by the breech-bolt e ; this 
brosch-bolt is formed to slide and turn easily in the shoe d and its fore end or face or head 0^ is by 
preference formed of hardened steel or of case-hardened iron and to screw into that end of the 
breech-bolt. To facilitate the turning of this part ^ for its removal or replacement it is formed 
with a series of holes or recesses 0* in its periphery adapted to receive the end of any suitable pin 
to act for the time as a lever in turning that piece e^ for screwing it into or unscrewing it from the 
main paxt of the breech-bolt e. f ia the hammer, in the fore end of which is fitted the striking 
pin g for exploding the cartridge and therebv firing the charge, as is well understood ; A is the 
nammer-spring, which is of a helical form and rests at one end against the end of the chamber 
formed for it, as shown in the breech-bolt e, and at the other end it rests against the collar /* on the 
hammer, with a tendency to force the hammer forwards with an elastic force. The collar /^ is 
formed io screw on to the end of the hammer / as a nut, facility for the application or adjustment 
of which is obtained by the head e^ of the bolt e being movable. The end of the chamber in the 
bolt e thus acts as an abutment for one end of the helical hammer-spring A, whilst the nut/* acts 
as an abutment for the other end of it. This collar or nut /> is formed to touch the interior of the 
breech-bolt e at parts of its surface, the other parts of its surface being cut away to admit of the air 
contained in the chamber of the breech-bolt freely passing from one side to the other of this collar 
as it moves in that chamber with the movement of the hammer. The hammer / is fonned with a 
strong fin or projection /*, which when the p^rts are in the position for firing is capable of sliding 
in a longitudinal opening or slot provided for it in the breech-bolt e. The lower edge or surface 
of this fin or projection /* also passes into a groove i' formed for it in the rear extension • of the 
shoe cf, or it may be in a plate separate from. it. Across the lower edge or surface of this fin /* is 
also formed the full-cock notch 5 and the half-cock notch 6 to receive the nose / of the sear j. The 
breech-bolt at its rear end is also cut away in order that when the hammer is drawn back so that 
the nose / of the sear enters the notch 5, the fin or projection Jf* is out of the slot in the breech- 
bolt ; the breech-bolt may then be turned partly round by acting on the handle 6*, so as to bring 
the projection e^ coincident with the opening formed for its passage in the bridge d*. and thereby 
admit of the breech-bolt being drawn back. The projection <r on Uie breech-bolt 0, wnen the parts 
are in position, with its rear end abutting against the bridge d*, serves to hold the breech-bolt 
with its face or head e^ correctly in the bre^ end of the barrel, and this projection «* in connection 
with the bridge d* receives the shock of the discharge. In the turning and subsequent back move- 
ment of the breech -bolt the hammer passes from being held by the sear j to being held by ita 
shoulder /7, resting against the rear end of the breech-bolt, by which, although the hammer is held 
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as It we7? at fnll-cnck, it la alio so hold by the t«w end of the brceoh-bolt m to tender it tmpoMible 
for it to ie impelled fonmrd prematurely to explode tho cartridge whilrt the breech-bolt i« iu any 
position other than that for firing. The ease of eocji diaohar^ eartridgo in after firing withdrawn 
from the barrel by meana of the plate I, 
which ia oamble of sliding in a groove 
formed fur it in the lower part of the 
■hoe, and at one end thia plate I ia 
fanned with a projection '' to calcli on 
the projecting edge ot rim of the cart- 
ridge case, and at the other end it ia 
formed with another projection /? to 
paaa into a compound longitudinal and 
tranBTerse groove formed in the under- 
side of the breech-bolt The part t' of 
thia compannd groove ia in a line pa- 
rallel with the axia of the breech-bolt, 
and at its fore ond a shoulder ia formed 
to it by the head or face ^ ; thia pert 
f' is of length anfBcient to admit of 
the breech-Mt being withdrawn eome 
diatanoe before the extractor sets npon 
the cartridge case to withdraw ft, and 
the mom«itam thus obtained by the 
breech-bolt renders the action npon 
the apent cartridge case more effootive 
to withdraw it in the case of its atick- 
ing in the breeob end of the barrel. 
The transTerM portion of thia groove 
servcB to reoeive the projection J* and 
admit of the turning of the breech- 
bolt « when it ia fully in its plaee in 

therear or breech end of the barrel. A I 

stop limiting the longitudinal motion ' 

of the breech-bolt backwards la thus 
provided by the projection P on the 
rear end of the extractor acting ill con- 
Junction with the Bboolder formed by 
the movable he«d t' of the breech- 
bolt, and the rear end or terminatfan 
of the groove in the shoe in which the 
extractor slides. The sear ;' ia anp- 
ported to turn npon an aiisj' carried 
ty lugs projecting from the nnder-aide 
ot the ahoe d. The lever f of the aear 
Is in poeitian to be acted npon by the 
trigger m, and it ia borne upon by the 
spring n also affixed to the shoe d with 
a tendency to beur the nose of the sear 
} towards the hammer in order that 
the soar may properly engage the 
tumbler notches 5 and 6 fotined on 
the projecting fin /* ot the hammer /. 
J. H. Burhm'a gun ii totally deficient 
in (C), (E), (F), and is a combination of 
the BeUid Bnrton and the Chaaaepot. 

TItt Snidtr Cm, Fige. 28ei to 28r,G. 

Thia fire-arm is deficient of the 
essential profMrtiee marked (AX (B), 

The mechaniam ia extremely nide, 
the breech-block hinges npon a side 

Ein and works backwu-ds and forwards, 
t ia kept In Its ptacoby a small epring 
stud a. Fig. 2866 : thia atnd haa been changed from lime ta time fh>m the breech to the block and 
from the block to the breoch. 

The ignition la effiscted by means of a email pistnn 

block and which when in repoae is flush with the face 

it to dart forward about a tenth of an inch into the cap which ia fixed, as ahown in Figs. 2865, 2866. 
The piston is retnmed by a spiral spring. To withdraw the empty cartridge case, a olaw or ex> 
tractor forms part of the brceob-block. When the block ia withdrawn the empty cartridge la neces- 
aarily drawn with it, and by canting the rifle sideways the case is thrown out. The extractor it 
returned by another spiral spring. 

Snider's gun proposed in 1866 is lUustmted by Figs. 2867 to 2670. 

Fig. 2867 Is a longitudinal section, and Fis. 2870 a plan of part of the breech. An opening la 
made at the rear end of the barrel to reoeira the brcech-pleoe e, or this opening may be in a ahoe 
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Into wUch the barrel is Bcrewed. The brceeh-pfeoe which ommpioa thia openltiK U fttteohed to the 
barrel oi shoe / b; a hiage t affixed tn ita upper portion, aurrnanding the charge chamber bo aa to 
form a ooTeriag atid admit of space within it for the movement of a draw cartridge g, and which 
is placed and moTee in a slot or groove formed theietn. This draw cartridge ie operated bj means 
of a oog or ratchet a on it, acted upon by a corresponding cog or ratchet b on the movable part of 
(he hinge i which ia attached to the breech-piece c, so tut after a charge baa been fired the es- 
penited cartridge case wilt be withdrawn from the charge chamber d by tbe action of lifting or 
opening the breech-piece c, causing the ong or ratchet b on the hinge # to act on the ratchet of the 
draw cartridge, and forcing the tatter agaiiut the bead or rim of the cartridge com and thus with- 




Fig. 2868 18 a vertical eeclion through the Ime i, .v. of Fig. 28G7. and Fig, 28G9 a similar view 
through the line i, t'. When the arm is charged it is locked and retained in place by means, 
before described, for locking the breech of flro-atmB ; see Figs. 286* to 2866. 

There is a hole made tlirough Ihe breech-support or ping. Fig. 2867. In this hole is placed a 
■elf-iatchiDg locking bolt . to this bolt is connected a ehaR t^t works in a bole or slot in tha tang 
of the breech -support, for the purpose of opening the breech. 

These strictures might be oontinued to a great length on the vaat nomber of fire-arms that we 
bave eiamincd, but we ehorlen our task by discarding all such contrivances that lock all our quali- 
flcajions designated (A), (B) (C), (D), (E), (F), (G). (H), and (I). 

The revolver or pistol, which is the smallcwt of breech- loading firc-anns, follows suit. From 
Coll down to Smith and Wesson there is no mechanical novelty worth attention. The revolving 
pistol comes under two heads, namely, the pocket pielol and the army pisloi. Smith and Wesson's 
Improvemenli over Colt chiefly consist in making arrangements ao that metaltio cartridges may ba 



DBcd, iDdood 1TC gire pieroTencc to Colt's arrteni : to Cnlt is doe tb« merit ot perTecHiig thii «peeiea 
oT arm, >ll other p'utol inventora only uttumpt to attain the same end ia > more Indir^l mannar 
aud by greater oomplicalion 




AlhinCi Reeolrser,— Fig. 2871 repretent* in rdo clention. and Fir. 2872 !n eide elovntion 
partly in longitudioal section, a repeating or revolving; pielol constructed nconrding to Albini'i 
method ot arrani^emcnt : Figs. 2873 to 2876 are parts of Die iBme pistol, wben dcloched. 

n is the revolving oy Under: 6 ia the lolid frame of the pistol, and c is the barrrl; thesnlid Frnme 
and barrel are made in one piece u usoal. The cylinder a it monnted on the tubular axis <', npon 
wliieh axis the cylinder n is capable of revolvInK to bring each of its ohambeni in saccession iu a 
line with the barrel c. The front end of the »id tubular axis d ii carried by the arm c, the lower 
boriiontal part of whieh iiiointed at e*, «*, to the side of the frame h ; the axis rl and arm e are 
■hown aeparatcly in Fig. 2873. The said arm « moves in a vertiral phue upon its joint, and the 
cylinder <i is by the motion of the said arm capable of being turned out of or into the frame *, as 
illiutiated iu the drawing. In the tubular aiii d ia a rod / by which the extractor g is operated 
and the cylinder a locked to and released from the frame b, the rod / is Bhown aeparately ir 



a guide to the ml /, and 




n 



f'r^^TT 



^^^^ 



Lp^ f'C^^zn: 



^- 



of ttw feune i on its iointed arm e. When tbe rod/U ptuhed forwud, lU fore end /•enlerit 
Hole *", Fig. 2872, In tlie book of tbefnme b, Mid Menreljlutena the cylinder Id the fnma. When 
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the CTlicder a the rod / is pulled tow&rds the mnzile and of the putol, tho front eod /' ot the rod U 
thereby withdrawn from the bole 6', and the rear part J* is alaa remoTed from the ohannel h, when 
the cylinder a may be turn.d oulwarda upon its jointed arm e. When in tha laet-dosoribed poai- 
tiona out-Bway party* of the rod /la brought opposite the lateral opening A' ot the channel A, and 
the said rod can pass through the said opening. The slidiug mution of tho tod / is limited by a 
spring-top I, Fig. 2875, within tho tubular axis d engaging with one or other of two notohea or 
depiessions k, I, in the rod / ; when tho rod / ia drawn forward to release the uylinder a, the stop ■ 
falls Into the notch or dupreeaion li; and when the said rod ia pushed outwards to operate the 
eitiaot(»', the said atop i dropa into the notob or depression I; in either cose the further motion 
of the rod ia arrested. The extractor g. Fig. 287G, consiata of a notched disk or plate having 
a ratchet g* at back, upon which ratchet the lock acta to propel forward the cylinder a. The 
extractor ia conneol«d to the cylinder a, and its motion transmitted to the cylinder a by means 
of the piide-Toda jf*, a', sliding in holea in the aaid cylinder. The extractor g ia pushed outwards 
fromtheoylindero, when the rod /is pushed towsrda the back of the body by moans of a shoulder y* 
on the said rod beulnK against the inner face of the extractor, and the said extractor is pushed 
inwards to its pU«e at (be r«ef of the cylinder when tho rod / ia drawn towards the mnzzle of the 
pistol hj means of the head f on the said rod bearing againat the outer face of the extractor. 
Wbenthepariaof the pistol are in the respective positiooa represented in Figs. 2ST1, 2872, the said 
pistol la Mdy for discharge. After discbarge, in order to extract the cases of the exploded oart* 
ridgea and reload the pistol, the parts nre manipulated as foUowa ; — The hammer m ia flrat raised 
to half-cock, the nd / ia next pulled forward by its thumb-plate or handle /*, ao aa to withdraw 
the front end /* from the back of the bod; or frame 6, and bring the cutaway part /* opposite the 
lateral opening A' in the frame b. 

Snn'lh and Wetton'i Sewdter. — ^g. 2S77 ts a kngitadlnal KctloD ot QAa reTotTiog flro-«im ■ 
Fig. 2878 is a aimilM section with the parts of the arm in a different poeition. 



with the cylinder B when the latter is revolved. To Uie forward end of this extractor is attached 
a rack D by a coupling joint E which allows the eitntclor to revolve without turning the rack D. 
This latter may be made flat or may be a circular tod with the teeth cut entirely around it, aaahown, 
and for many reasons the latter form ia preferable. A chamber F is provided for this rack through 
the stock below the barrel and in a line with the centre of the revolving cylinder B, In order to 
operate the extractor by means of this rack, Smith places a toothed wheel O in the joint U in such 
a manner that it engagea with the rack D above. The peculiariW of this pinion is that when tho 
barrel ia awung forward the pinion &rat revolves about one-eighth part of a turn, giving the cart- 
ridge sheila room to clear the breech-blook before they are atarted from the oliambeis of the revolving 
oylmder ; the pinion is then caught and held by a pawl N at the lower side, the rack beint; oon- 
seqnently forocd back or left behind, oa abown m Fig. 2878, and with it (he extractor, which as 
the barrel ia tnmed farther forward on the hinge puahea out the shells, the bead of the extrnclor 
catching under their Oauges, as shown at T. A projection is formed on the stock in front of the 
pinion, and when the barrel is swung for enough for this projection I to strike against the head J 
of the pawl N and pnah it back, the pinion revolves freely and the rack flies forward to its former 
position, carrying with it the extractor, and also turning the pinion until it occupies its fltst place 
relative to the rack. In order to thus impel the rack forward when the pinion is released any suit- 
ably arranged spring may be used. In this instance Smith forma on the forward end of the rack a 
rod K, which hna on ita outer end a head and passes through a cottar L made stationary b; means of 
a set screw M in tho chamber F at a point near the end of the rack when at rest. A spiral spring 
is coiled around this rod between ita head and the collar, and when the rark is foroed beck towards 
the revolving cylinder the spring is compressed, its recoil restoring the rack when it ia released. In 
this tOMiner b; merely throwing fixward the barrel aa far aa it will go the sheila are all extraotsd 

S C2 
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nnc] the citmclor rettorod to its proper poeitioo for k ae« operation w soon Eia the burel li retamed 
to tlie breoch. 

In tbese Dre-anne u heretoforo conBtmoted there hu been no provision made for the pkwl (X 
which in the oidiuory ootutmction projects beyond the face of the reooil-blook in order to engage 



the Bbeenoe of projecting points render <t niited for carrying in the pocbet, the sight «l the end of 
Ihe barrel being the only inconTsuient part orthesrmngemeut ; bnttliis might be dispensed with. 
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is prepared by caoBing alcohol to react on the acid proto-nitrate. A quantity of mercnry is dis- 
eolved in 12 parts of nitric acid of 35^ or 40^ of Baum^ and 11 parts of alcohol at *86 are gra- 
dually added to the solution; and while the temperature is slowly elevated, a lively reaction, 
accompanied by a copious evolution of reddish vapours, soon ensues, when the liquid, on cooling, 
deposits small crystals of a yellowish-white colour. Fulminate of mercury ia one of the most 
explosive compounds known, and should be handled with great care, especially when it is dry, and 
it detonates when rubbed against a hard body. It dissolves readily in boiling water, but the 
greater portion of it is again deposited in crystals during cooling. The fulminating material of 
percussion caps is made of fulminate of mercury prepared as just stated, after having oeen washed 
in cold water. The substance is allowed to drain until it contains only about 20 per cent, of water, 
and is then mixed with 4 of its weight of nitre, which mixture is ground on a marble table with a 
muller of guaiacum-wood. A small quantity of the paste is then placed in each copper cap and 
allowed to dry, the fulminating powder in the cap being often covered with a thin coat of varnish 
to preserve it from moisture. We shall speak of this again when we treat of other explosive 
oompoundsl See Gunpowder. 

Cartridges, — Most rifles have been invented to suit the cartridge, instead of the cartridge being 
devised to suit the rifle. A cartridge containing the means of its own ignition, is bv no means a 
recent contrivance. The needle-gun cartridge has been in use for many years, and though not 
metallic it contains its own ignition. But the metallic cartridge for weapons of war was flrst largely 
adopted in the American armies during the rebellion, and was the parent of many inventions in 
breech-loading small arms, both in Europe and America. 

The cartridge of the Prussian needle-gun is peculiarly its own : made for this gun, it can only 
be used in it or in a gun having a needle arrangement to reach the fulminate through the powder. 
It consists mainly of four parts, not enclosed in a metallic, but a paper cover. These parts are the 
powder, the fulminating cap, the carrier-wad, and the bullet. The latter is of an acorn shape, and 
weighs about an ounce, ana the charge of powder is seventy-six groins. 

Referring to Fig. 2886, the distinguishing features of this ci^tiidge are the carrier- wad w, and 
the cap c. The carrier-wad is formed of strips of paper moulded Into the proper shape by heavy 
pressure, and its uses are as follows: — It holds the cap c containing 
the fulminating compound, protecting it from chemical influence or 2986. 

other injury ; it receives the first impulse of the explosion and transmits 
it to the bullet, thereby economizing the force of the powder: it !s 
compressed into the grooves of the rifling, and thus imparts a rotary 
motion to the bullet, which does not itself touch the barrel, and hence 
the grooves never get clogged with lead ; finally, it cleanses the barrel The Necdle-gun Cartridge 
at every discharge of the gun. but the friction is very great. The 

wad accompanies the bullet through some 50 or 60 yds. of its flight, and about 20 yds. from 
the gun it strikes a target about 3 or 4 in. below the bullet-mark, and at this distance will pierce 
a pine board of over half an inch in thickness, so that, at short range, the gun may be said to 
carry two projectiles. This, however, may not always be an advantage, as in the case of flrtng 
over a line of troops at some distance in front, the wad might kill or wound a friend instead of 
a foe. The fulminate of the needle-gun cartridge was at one time believed to be kept a secret, 
but it IS now generally known to consist of a mixture of chlorate of potash, antimony, and 
sulphur, in the proportions of flve to three, to two of the respective chemicals. As already stated, 
the cartridge is enveloped in a paper case : this case is almoat, If not entirely, consumed by the 
combustion of the powder, and to ensure its complete consumption a certain amount of air is 
provided for by the air-chamber or cavity surrounaing the fore part of the needle-guide, hence 
there is no empty cartridge to take out of the gun before reloading. The ignition of the powder 
from the front is, however, the great feature in the needle-gun, as by this means it is all consumed 
and rendered efiective. 

The process of making Bethel Burton*s bottle-necked cartridge from solid brass or copper is 
illustrated by Figs. 2887 to 2902. A is a blank cut from a sheet of metal in a double-action press ; 
while the blank is in the press a second punch draws it into the form B by forcing it through a die. 
B is then taken to a single-action press, in which it is again drawn and made to assume the forms 
G, D. The case is then cut to a length E by what is called a outtmg-off machine. It is then put 
into another machine, termed a hewer, which forms the flfuige or base, as seen in Figs. 2892 to 
2899; a cup is then formed in the head or base. The next process is to turn the bottom of this 
cup J in, to form an anvil on which the fulminate L / is placed and exploded. The holes marked 
in Fi^. ^1, through which the fire passes to the powder, are then punched in another machine. 
A lining F' is then placed on the inside base of the cartridge; this is intended to strengthen the 
base and to prevent the force of the explosion from rupturing the cartridge. 

The cartridge case is then taken to a tapering press m which it receives the form G, Fig. 2895. 
The necking process is then performed, ana the shape H, Fig. 2896, produced. K, Fig. 2^1, is a 
section through the base, and I, Fig. 2898, a section through the cartridge, when complete. It 
must be observed that each process is performed after the case has been annealed. 

FIRE-BOX. Fb., Baite a feu ; Geb., Feuerkasten ; Ital., Ibcohre Camera dd fuooo ; Span., Caja 
defuego. 

See BoiLKR. 

FIRE-BRIDGE. Fb., Ponx dc chauffe; Ger., FeuerMicke; Span., Directriz defuegoa. 

See BonjEB. Chimnet. Looomotive Engine. Mabinb Engine. 

FIREM3LAT. Fa., Argile re/ractaire ; Geb., Feuerf ester Thon; Ital., ArgiUa apira; Span., 
Tierra refractaria. 

Fire-clay is a kind of clay chiefly pure silicate of alumina, capable of sustaining intense hent, 
and hence used in making fire-bricks. 
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OoMpofliTioN or ClAT. 
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Kaolin. 
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Pipe-clay. 


Magnesia 
Potash, soda . . 


Chincfle 
Kaolin. 
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Fire-clay. 
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6iIioa .. .. 
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1-4 
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0-8 
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0-9 

• • 


• • 

• • 


99-9 
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See FouvDiNO and Casting. Pobcelain. Terba Gotta. 

FIRE-ENQINE. Fs., Pompea incendie; Geb., FeuerapiUxe; Ital., T^ronJia da incendh; Bpam^ 
Bomba de incendios. 

Iferryweather and Soiu^ Hand-power Fire-engine, Figs. 2903, 2904.~Thi8 engine b fitted, with gim- 

2903. 




metal or brass nUyes to the pumps, in such a manner that they are not injured by pumping foul 
and gritty water, or affected by hot or cold climates. The valves are easy of a^pess, It U fitted with 
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motioD-piecea, to which flexible «actioii-hoaM»TeBttBohed,tuid Is provided with kilop-TftlTe bo tlmt 
water tan be pumped out of it« own oietern when.reqnired. The luvor engioea have two oatleta, 
aotli&ttwoatrauna may be thrown atonoe; the deliveiy-pieoe has an atr-veaiel attached to It. The 
worksare fitted in liud wood, and oooaiionally in metal, oietema, aod are worked bj a ahaft and 



eron-levers, to which are attached the working levers for the n 

tip when travelling, and to extend out when the men are at worn. Aooreine worse is a strong ooi, 

vhioh contains the hose and apparatns, and on which the firemen ride. At each side of the cistern ia 



a pocket (o contain the suotion-fioaoa. The engine is momited on high wheels and springs, and is fltt« 
with a rote-loakinscarriage, whiob ia provided with a pole for horsee and drag-handle for men. 

FIB&E8CAPE. Fr., Appartil de wtuwtngt ; Geb., iMfun^^panit. 

rA«i7nr-«cop«wM invented byavery talented artist named Wvval). HenyweBther and Bans' 
flra-eacape, Figs. 2905, 2906, has a strong main-ladder with a sail-cloth trough at the book for 
sliding down in safefj, and this trongh ia ptoteoted either by copper gauze ^^ 

or netting ; it has a turnover ladder amply worked bv levera and ropes, and '"'^ 

an extra piece to attach so OiS to reach Higher winaowe. AU the ladders 
are kept as light as poaeible tia tMSj transit, and are bound 
back and front with wire-rope sank in so as to gain strength. jms. 



*br abont three weeks, dnriog which lime a fermentation takes place. The flax fibre hemg tba 
bark or rind of tbe flax pUnt, of which the interior or core Is a semi-wooden subetanoB aXl^ 
boom, the object of retting is partially to decompoee this woodv gubetance, so that It ™<»^*J , ,1 
vrhendry; and the fermentation should not bo continued so long a* to injure tho strength of tho 
fibre, but lone enough to loosen tbe gum whiob oaasee the bark to adhere to the w™y portion. 
The pwc««s therefore requires great care and experience, for either loo much or too little retting 
1b detrimenUl to the fibre. When thoroughly drieil, the flax U ready to be broken, which is done 
by passing it in small bunches through pairB of fluted rolleraj Uioso break tho woody cora Into 
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The next operation is called scutching, which in most flaz-prodncing oonntries is still done by 
hand in preference to mill-scutching. In hand-9cutching, a bundle of the broken flax is suspended 
alternately at each end and struck with a wooden beater, by which the broken pieces of the core 
or boom are dusted out from between the fibres. This operation requires considerable dexterity. 

The next process is to hec^ the flax, which was formerly done by hand by the flax-dressers. 
The heckle is a board set closely with pins about 4 in. long, which are ground to a fine tapering 
point : this board is fixed with the points of the pins upwards, and the bundles of flax are drawn 
over the pins until the flax is sufficiently split Other heckles of varying degrees of flneness are 
also used, partly to bring up the flbres to the requisite degree of fineness, but chiefly to clear ont 
the short loose fibres or tow which were split off in the first heckling. The dressed fiax was sold 
in this state under the name of lint, for spinning' by hand, which waa formerly a common domestic 
occupation both of rich and poor. 

In the early application of machinery to preparing and spinning flax, the flbres were drawn 
between two pairs of rollers, the first called tne receiving rollers and the other pair the drawing 
rollers, the two pairs of rollers being placed at varying distances apart, according to the length of 
fibre to be operated upon. The drawing rollers ran at from five to ten times the surface speed of 
the receiving rollers, so as to elongate the sliver or bundle of fibres. Subsequently a series of travel- 
ling gills was introduced between the receiving and drawing rollers, these being a succession of 
small transverse combs, called gills, travelling continuously forwaras in the longitudinal directioa 
of thec fibres about 5 per cent, faster than the surface speed of the receiving rollers. This proved & 
step in the right direction, and was followed by the introduction of spinning frames similar to those 
employed in spinning cotton, but with the modifications rendered necessary by the difference in 
the material to be spun ; the chief feature in the flax machinery being the great difference in the 
distance between the receiving and the drawing rollers, which amounts to as much as 20 to 24 in. 
distance in the case of flax« instead of at most only a few inches in the case of drawing cotton, on 
account of the great difference between the length of fibre in the two materials. 

The flax was at first kept quite dry in the spinning process ; but a mode of damping the yam 
by means of a piece of wet doth held in contact with the drawing roller was afterwards employed, 
which had the effect of laying the loose ends of the fibres in the same manner as is done by wet- 
ting the fingers in hand-spinning. But the great expansion that has ti^en place in the fiax trade 
is due to the principle of wet spinning introduced by Mr. Kay ; the flax rovings being first put into 
warm water and allowed to stand until fermentation took place, by which the fiax was macerated 
and brought into a state bordering on putrefaction. This was found to be a dangerous process, for 
if continued too long the strength of the fibre was destroyed. Bubsequent experience snowed that 
it was only necessary to pass the ravings through hot water in order to attain a better result, and 
that no maceration was requisite. It is only the natural gum contained in the flax flbres that 
requires to be dissolved or softened, in order to allow them to be drawn asunder; and the slimy 
nature of the rovings when wet allows this to be done to almost any extent. When spun dry by 
machinery. No. 40 yarn was about the maximum degree of flneness attained, in which the bundle 
of G0,000 yds. length weighs 5 lbs., and this size of yam is suitable for ordinary linen cloth ; but 
now by the improved process of wet spinning, Nos. 300 to 400 are ordinarily attained, in which sizes 
of yam the bundle of 60,000 yds. length weighs only t and \ lb. respectively. The bundle of flax 
yarn consists of 200 leas or hanks of 800 yds. each, making altogether 60,000 yds. length ; and the 
!nos. are marks indicating the sizes of the yam in Inverse proportion to the weight of the bundle^ 
as in the following Table, the unit being No. 200 weighing 1 lo. : — 



No. lOyam wcigh8 201bB.abTmdle. 

No. 20 „ 10 lbs. 

No. 40 „ 5 lbs. 

No. 50 „ 4 lbs. 

No. 100 „ 2 lbs. 

No. 200 ., 1 lb. 
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No. 200 yam weighs 1 lb. a bundle. 



No. 300 




|lb. 


No. 400 




f or I lb. 
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lib. 


No. 1000 
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No. 1200 
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The whole of this advantage indeed is not due to the principle of wetting the roving, but many 
improvements in the preparation have contributed to the attainment of this result. One of the 
conditions of spinning flax wet is to bring the receiving and drawing rollers within a few inches 
of each other, and thus reduce the length operated upon of the flbre of the flax to the distance 
between the bite of the receiving and drawing rollers. Yet notwithstanding all the improvements 
of machinery, hand-spinning still produces a yam of three times the flneness hitherto attained by 
the finest machine ; lor while Nos. 300 to 400 are the finest produced by the machines, the hand- 
spinner produces yam from Nos. 1000 to 1200, in which the bundle of 60,000 yds. length weighs 
only ^ and ^ lb. respectively. This finest kind of y&m, the value of which is equal to that of gold, 
weight for weight, is produced chiefly in Belgium, and is used for making Brussels lace. The 
subsequent manufacture of flax after the yam is produced presents great variety, the fabrics made 
from it ranging from the roughest Dudley cambric used for nail bags to the finest lawn, and from 
the stoutest ship's sail to the lightest gossamer lace. 

Since the introduction of the principle of spinning flax wet, various methods have been adopted 
to render the fibre of the fiax finer, or in other words to split it up into a greater number of fibres 
by the process of heckling. In order to obtain the finest fibre, it was found necessary to break or 
cut the flax into three lengths: the top of the plant, the middle, and the root end. Of these the 
middle is the best part, owing to the fibres being there most uniform in thickness. By this plan 
of dividing the natural length of the flax into thr^ lengths, which is designated the cut-line system, 
a verv much smaller proportion of short flbres is produced in the heckling process than by heckling 
the flbre the full length of the plant ; and oonscc^ucntly the fibres can bo split much finer, and a 
larger proportion of yarn can be produced from a given quantity of flax, the degree of flneness being 
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taken into aooonnt. Another system is to cut the length of fibre In half: bnt this although par 
tially pursued is wrong in principle, as the flax is then cut in the middle or most valuable part of 
the ttbre, and each length has one bad end, the tapering end of the top of the plant, and the coarse 
end of the root. A third system is to heckle the nax the whole length of the fibre, which Is called 
the long-line system, and is the most economical for the ordinary numbers of yam that always con< 
stitute the great bulk of the manufacture. On this system a greater weight of fiax can be passed 
through the heckling and preparing machinery in a given time : and a longer draft can be used at 
the spinning frame, that is the excess of surface speed of the drawing rollers above that of the 
receiving rollers can be made much greater than in the three-cut and two-cut systems, thereby pro- 
ducing a greater drawing action and makins a finer thread, whilst reducing also the labour in 
atten£ng to the process. The machinery used in the three-cut and two-cut systems is the same as 
in the long-line process, only that in the former it is finer in the ^lls and rollers and shorter in the 
reach or distance between the pairs of rollers. For some descriptions of manufacture it is abso- 
lutelv necessary to use the long-line process, as, for instance, in making the best kind of sail-cloth, 
which is used in the royal navy and in the finest long-voyage vessels, ror this purpose the longest 
and strangest fiax is selected, and prepiued with the greatest care in the processes of heckling, 
drawing, and roving, so as to preserve tne fibres as long as possible; and in the spinning, which is 
done d^, very sho^ drafts are used, that is, the excess of surface speed of the drawing rollers above 
that of the receiving rollers is comparatively small, so as not to break the fibre any more than can 
be avoided. The government authorities insist upon a test of both weight and strength at the same 
time, in order to get the sails both strong enougn to resist the wind and also as light as possible 
for the sailors to handle ; for as the weight of the mainsail of a first-chiss «hip amounts to more 
than a ton, it is no easy task to handle it in a gale of wind and sain 

The machinery at present in use for preparmg the fiax and spinning it into yam for weaving is 
shown in Figs. 2907 to 2925. 

Fig. 2907 represents the breaking rollers, which are fiuted iron rollers coupled together by rour- 
wheels : and both top and bottom rculers are supported in journals, so as to prevent the fiutes n-om 
touching each other. The spaces between the teeth of the fiutes are also much wider than the 
teeth woikine into them, so that, as the rollers revolve, the fiutes never come in contact ; otherwise 
the iron woukl damage the fibre. The object of passing the fiax between these rollers is simply Jto 
br^ak the boom or woody interior of the fiax. 

S90Y. 







After the flax has been broken between the rollers, it Is taken to the scutching machine, shown 
in Figs. 2908, 2909. The scutching cylinder A rotates in the direction of the arrow at about 300 
revolutions a minute or 2800 ft a minute speed of cireumference, and dashes out the broken boom 
against the grating D by means of the toothed and plain projections B and C. The drawing shows 
one pair of combs B and five pairs of plain square beaters C C C upon the cylinder A, which are 
found to act well ; but the number of either may be altered. The strick of broken fiax is fed into 
the machine by the attendant up to half its length ; and when the boom is thoroughly beaten out, 
it is drawn back and the other half inserted in the same way. The broken boom beaten out through 
the grating D escapes by an opening at each end of the grating. The ends of the casing of the 
machine being dosed, a considerable current of air is drawn in through the grating D by the rapid 
rotation of the scutching cylinder, which is an essential feature in this operation, in carrying away 
the refuse and dust, and producing a gentle pressure of the fiax against the projoctimr beaters upon 



1500 



FLAX MACHINBBY. 



the cylinder. The bottom of the casing of the Bcntching machine is open, end oommnnicateB with 
a flue or culvert, tlirough which the refuse and dust are carried away by the current of air. 

The next process is to heckle the flax, and Fig. 2910 shows an end elevation of the Heckling 
Machine. The flax is divided into small stricks, and each is held between a pair of eliunpa A 
called holders, made sometimes of hard wood, but latterly of steel. These are closed firmly together 
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?7 ^^ *!t"l^^®" *^ ^^ ^^^' ^^^ ^ ^^ ^1*^ «i*^«' fel* 01 india-rubber to form a cushion for 
tne nbre to bed upon. The hecklingmachines vary in length, having sometimes four, six, or eight 
holders ma row; and the heckles BB have corresponding degrees of fineness, according to the 
amount of beckhng that the flax will bear, the stricks of flax being submitted flrst to theaction of 
♦^«^Jr u. "J?^^^ and then to the flner heckles in succession. The holders A are carried in a 
trougn a which extends the entire length of the machine, and also projects some distance at each 
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end, sou lo afford mmroT feeding In at one end the nairly-chargftd IioldenandramoTingflnniillie 
olber end tbote aoot«inuig the lieokled Bn, The troaei C receives a Tertioil motion from two 
cama D. ahown by the dotted linea, mounted od tlie shan E below, the weight of the tioagh being 
balaooed by the weighted level F. The form of the cami D ii n arranged •• to bring the peitdent 
end of the flas gradually nnder the operation of the heoklei, and alio to allow a iliKht panee when 
the troagh budetcended toita loweet point, ai shown in Figs. 2910, 2911, so that the heoklee may 
comb out the fibres etnight, and effectually clear ont the low. The trough C then heea eiadnall)' ; 
and when it hoa reached ite hlgheat position, as shown dotted in Fig. 2910, the rowof holdera A are 
pushed fontwds alaog it, by a series of pawls mounted npon a bar extending the entire length of 
(he troogh, and acted npon by the lever O and cam H. Each striok of flax is thus carried along 
to the next gradation of heckles, and the trongh C then again descends as before. The eet eeiew 
I, Fig. 2910, is for the purpose of adjnsttng the height of the trough A, so as to allow the holders 
to come down as near as possible to tue bite of the heckles. 

Pig. 1^11 is a transverse section through the middle of the heckling machine. The sheets of 



heckles B B are made of leather straps pasdug round the smalt pulleys J J at top, and lonnd the 

larger driving pulleys K E below, truvelling at the rate of about 600 It. a minute ui the dinotion 

indiotted by the arrows. The 

heckle-bare LL are of wood, at- 

taohed I ' 

straps B. 

passed over the top pnlleya J J 

the heckle-pins may strike into 

the pendent Sox as nearly at 



carrying small ii 
thrown out by the orataifogal 
force just below the centre of the 
pnlleye. The rods U are for tho 
purpose of etrippinA off any tow 
T short fibree of flax vbich 



nay have remained between the 
heckle ' pins after they have 
passed throaeh the Qax : and aa 
the pulleys K revolve, the rods 
H are pushed back into their 
former podtion by sliding against 
the guides N, nntil they reach 
the upper side of the pnUeys, 
when Ineir weight overcomes the 
centrifugal force ; and thej re- 
main drawn batdc until again 
thrown oat below the centre l( 
atrip the tow off the beckle-pins 
There are also a aeries of iron 
teeth 00 attached to the inside 
of the leather strap* B, which 
act as drivers to the straps, and 
keep the beokle-bars L always tn 
pnnieT horltontal poeitioa, by en- 
enring both the atnips B being 

driven always at the Mme rate and without any chance of clipping : these teeth are driven by the 
teeth of the driving pulleys K K^ and the amaU pulleys J J at top are also notched to receive them, 
the inner faoea of the teeth O being lonndeil off to the prepei curve for forming part of the circle 
of the upper pulleys J J in passing over them. 

The main diSonlty to ba enoountwed in the heckling pneess baa always been to obviate the 
large amount of waste that Is made in the operation : and thongh heokllog mochinea have been 
constructed in great variety, the Muoe drawback of excessive wsste haa attended each, the propor- 
tion of the drcned lino, or finished Qax after the heckling, being as small as only 40 per cent, of the 
flax put into the machine in the lower qnalitiee of flax, bnt rangiog in tbe lietter aualitiee from 
60 to 75 per cent. Heckling machines are also sometimes made wjU) double Bets or heckles and 
holders, for the sake of ecooomy of construction and working: and this may be an advantage in 
heckling the beat kinds of flax. The lower oualities, such as Egyptian aud some kinds of Baltio 
flax, require ttio lenst amount of beckliuR ; whilst the best kinds of Flemish and Irish flax, which 
are strong in the fibre, are capable of bemg heckled to almost any d^ree of flneneaa. 

In the next operation the dressed line or heckled flax, which has been obtained thus far in the 
form of a nnmber of ssparate atrlcks of irregnlar thickness and Quantity, is atvead and drawn into 
a continuoua sliver like a ribbon, by tbe ccanbined action of a senea of oomba and drawing roller*. 

Pis. 2912 is a longitudinal aeotion of the Long-line Spreading Frame, BO called beoanae the dia- 
tanoe between the receiving rollen A and Uie drawing rollers B la made long enough to take in the 
greateat length of fibre that ha* to U irorkod on the long-line system, The etrioks of heokled fUx 
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ue lUd down upon the endlen travelling feed-sheet C, nhiob earriea the &az forwudB to the 
reoeiring loUen & ; and between these it posaeB on to the inclined bed of heckles or gilti D, wid 
then betwem the drawing lollers B, tliroagh the donbling plate E, and between the deliTeij 
lellers F, whloh deUvet toe continuous sliver into the can O, reul; to be removed to the next pio- 
MM^ the oonne of the fl«i thiongh the machine beiog iudioated b; the arrows. 




The becUe-b«n ot gills D ue mpported at each end upon the slides H, as shown enlarged in 
Figt. 291S and 2919 ; i^ the; Me toavened fiuwarde tomrds the drawing rollers B bj means of 
the upper pair oC aorem 1 1 renlTing in one direction, and b«ok again towaids the receiving 



ontmry direction, each end of the heckle- 
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uppor Huewa 1 1 till the; uriTe dote to tho lower drawing toller B, Fig. 2913, \theii eftch bu in 
■nooenion drops down &t the end of the ulidoa U into lbs groove of the lower sorewB J J ; these are 
DHule with a much longer pitch of groove than the upper scruwH I, partly to eoonomiio Uie number 
of becklo-ban, and partlj to ensure the bar wliioh has juit dropped into the lower screw being 
oartied bock sufficiently out of the way, to allow the aoooeeding bar ample room to drop in the same 
Duuiner. A oam K, Fig. 2915, is pUoed at thotenaiuation of the groove in the upper screw 1, so 
that if thebeclile-bar sbould happoQ not to drop by its own weight into the lower screw, the cam K 
will force it down, as shown in Fig. 2916, The heckle-bars are tli^a carried back by tbe lower screw 
towards tbe leoeiviug rollers A; and on eact^ btur arriving dose to the lower receiving roller, a 



cam L, Fig. 2919, at the end of the bwer screw 
raises tbe bar into the groove of tbe upper 
screw, as abown in Fig. 2917, when the heoHe- 
pins penetrate the nai, and the beckle-bar 
twgins to travel forwards again towards the 
drawing rollera. The liftius cams L are con- 
liuued tbroogh abont one-Uiird of the whole 
circle, so as to support the heokle-bar on a level 
with the slide U, nntil the screw I carries il a 
short distanoe along tbe slide, and tbns to pre- 
vent it from dropping down again into tbe lower 
screw, which was a seiiotu defect Id the e*rlicr 
■orew-gillt. 




run of serew-gill maebinerr shown in the drawing* is called tbe long-line system, becaoss by it 
flax Is worked tha natural length of the fibre ; and the machinery used for the cut-line and 
low I« jut tha same in trinoiple, only shorter and finer to suit tbe length and flneneaa of the flax 
or tow opetatad npon. 

Tlia receiving rollen A, Fig. 2913, travel at a surface speed of about S ft. a minute, and tbe 
heckle-ban about S per cent, faster, so a« to hold the flax in a slight tension. The surface speed 
of the drawing rollen B is Irom fifteen to thirty times greater iS&D the speed of tbe heckles, or 
from 70 to 140 ft. a minute : oousequently the fibres are combed or drawn between the pins, and 
the loigth of silver delivered into the can O is elongated to about fifteen to thirty times the length 
taken in by tbe reoeiving rollen A. One object of this operation is to lay the fibres f«rallel to 
one another, and also to prevent tbe long fibres from carrying the short fibres along with them, 
•nd Ihn* making an uneven sliver, which must produce uneven yam. Tbe upper of the drawing 
loUera B is made of wood, and is heavily pressed down by the links, leven, and weights M. 

Tbe flax is delivered from the drawing rollen B in a continnoos sliver of ribbon-like lorm, from 
4 to b in. wide, and four ol sucb aliven are drawn by the machine, as shown in Figs. 2914, 2915 - 
these are then paned through the doubling plate E, and all four are rolled together into a single 
sliver of the same width by passing through the single pair of delivery rollen F. The doubling 
plate E, sliown in plan in Fig, 2914, Has openings oppceite each pair ol drawing rollers at an ancle 
of 4S°, through which the sUvon are pawod, whereby they ere made to travel first at right anglea 
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lo tlie line of deliver; from Ote anving rollera, and nn afterwirda turned again into tlio taae 
direction toward) the deliverr rollen F, wblefa deliver the final aingla Blirer into the can G, 
Pig. 2912. 

Tbe next operation Is to re-draw and double •gain the sliver delivered from the long-line Bpread- 
fng frame; and Fig 2918 ^howa the aeoond Lraig-line Drawins Frame. A number of oana G, 
generslly eight, oontsining the ili vera delivered from the apieedlng tnae, are placed behind thii 
dmwing frame, wtienoe the sliver panea over a high eondnctor N, In order to allow a oonmdemble 
lengtb to hang pendent, and thoa straighten oat the creasca taftde b; preBBing it down in the can 
G. The eliver then pftMoa to the reoeiving rollers A, vhioh are three io nomber, the object being 




to hold the eliver flrmljr, and not allow the gills or henklea D to diA« it beyoikd the mirfoee speed 
of the rollers, which is about 6 ft. a minnlc. The farther opeiatioa of this machine is precise!; 
the eame na that of the sprtadmg fram^ the eight slivers faetng eombed and dnwn b; the giUii D 
and drawiDg rollen B, Bod then donbledbj pacing Uuoagh tne doubling plate E!, and rolled into 
a single eliver by the deliver; rollers F. The gills D, however, aro finer and the rollers smaller 
than in the epreading flnae. The speed of the gills is abont 6| ft. a minnte, and the sarbee speed 
of the drawing rollers Band deliver; rollers F abont 130 fL a minute; and the length of the sliver 
delivered b; Uie rollera F is ccmseqnentl; elongated to about twent; times the length taken in b; 
tbe reoeiving roller« A. 

The slivers from this machine are then taken to a third drawing frame, of precisel; the Mme 
construotion, but with still Aner gills and smaller rollers ; b; this means the sliver is further elon- 

Sated aboat fifteen times, tbe object being to reduce it in width and Uuckneas. From this third 
rawing frame tbe iliveis Sfe then taken to the roving frame. 
Figs. 2919 to 2922 represent what is known as the Sorew-gill Begnlating Boving Frame, in 
which the delicate sliver of flax that has been produced b; the previous procewea is Btill further 
combed and drawn b; gills and drawing rollers, aod is then twisted into a roving and wound npon 
a, bobbin. 

This machine at a whole is perhaps the most oomplicated one nsod in spinning ai^ kind of 
material, and has taken man; yean to bring it to tbe present state of perfection. The lower 
or regulating portion of the Frame, bj which the speed of winding the roving upon tbe bobbin ia ^ 
regnlated according to the gmdnall; increasing diameter of the bobbin, is similar to that nsed in 
the cotton mauafactnre, where this sjstem of machine was first introdnoed ; but when so much 
of the machine as is nsed in the cotton manufaotore is added to the screw-gill machiner;, the 
two make what mav bo considered the moat ingenious and perfect machine used in textile manu- 
facture, and great iDgennitv has been applied to overcome the numerous obstacles met with in 
perfecting this machine. The screw-gill part A, Figs. 2919, 2920, is precisBlv the Bame as in tbe 
drawing frame last mentioned, onl; so much finer ; for here the sliver is redooed to the smallest 
size previous to reoeiving the twist which changes it into a roving. The speed of the gills is 
about 6 ft. a minnte, and the surface speed of the drawing rollers B atont 90 ft a minute, nhetebj 
the sliver ia flnall; eloDgated about fifteen times. 
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Tho special part of the roTing frame, independent of the Bcrew-^llfl and drawing rollers, is the 
regulating portion, situated in the lower part of the machine, which takes up the slider as deli* 
Tered hy the drawing rollers, and after putting in the twist winds it unon a bobbin with a uniform 
but slight tension, not sufficient to elongate tiie delicate roving: and as each successive coil pre- 
sents a larger diameter than the preceding, the speed of the bobbin has to be regulated or gradually 
increased for winding the roving, which is delivered at a uniform rate from the drawing rollera. 
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The bobbin-spindles C G, Figs. 2919, 2920, carrying the fliers D D, are driven at a uniform 
■peed from the driving pulley upon the end of the main longitudinal driving shaft E, through a 
train of spur-wheels £iving the skew-bevel wheels at the bottom of the spindles 0. The screw- 
gills A and drawing rollers B are also driven at a uniform speed bv means of a change pinion on 
the end of the driving shaft E, through the intermediate wheel F working into the wheel O on 
the end of the top cone shaft H. The lower cone K, Figs. 2921, 2922, receives its motion from the 
upper cone H through a strap L, which is made to travel longitudinally along the cones by means 
ot a chain M passing over a pulley, with a weight hung at the end sufficient to draw the strap- 
guide along two sli&-rods that extend tixe length of the cones, or about 2| ft. The speed of the 
lower cone is thus varied according to the diameters of the cones at the point where the strap may 
be working. The advance of the strap-guide is governed by an escapement motion acted upon at 
each vertical reciprocation of the boboin-lifter N. The bobbins O O run loose upon the bobbin- 
spindles G, and are themselves driven in the same direction as the spindles G, through the inter- 
vantion of the regulating gearing and the skew-bevel wheels carried by the bobbin-lifter N. 

Upon the driving shaft Els keyed a mitre-wheel I, Fig. 2922, which drives two mitre-wheels 
mounted in the disc of the spur-wheel P ; and these again drive another mitre-wheel J running 
loose upon the driving shaft E. A spur-wheel B upon the boss of the last mitre-wheel J drives 
the train of spur-wheels indicated by the dotted lines in Fig. 2921 ; these are mounted on the jointed 
rooking frame S, Fig. 2920, and communicate motion to the longitudinal shafts in the bobbin-lifter 
N, which carry the skew-bevel wheels that gear into the bobbin-pinions. The bobbins O O are 
thus caused to revolve in the same direction as their spindles G, but at a somewhat slower speed. 
If the diso-wheel P were not allowed to rotate at all, the bobbins O would be driven, like their 
spindles, at one uniform speed ; and if the diso-wheel P were driven at the same speed as the 
driving shaft E, no motion whatever would be communicated to the train of wheels which drives 
the bobbins O ; therefore by regulating the motion of this wheel P any required speed can be com- 
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maniciited to tho bobblni. A ptnlon on tha sbafl oT the lenrer eona E gean Into & tnia of tpar- 
vheelH Btiil pinions, bo aa eonsidentbly to reduoe the apeed at tha pinioa T, which gean into the 
di»e-wheel r, thereby governing this wheel in accordanoe with the speed imparted to the lower 
cone. The rotation of the mitre-wheel I, keyed upon the diiHog flhaft, haa a tendeno; to drive the 
disc-wheel P at n considerable ipeed, ao that the bwei cone K ia reqniied to retwd iuatMd of 
BCtuiilly driving it. (See Fig. 2189.) 



When the end of the roving is threaded throngh the flier D, and then attached to the bobbin* 
shank O, Fig. 2920, tbe flier being flieil upon the spindle C will first put the twist into the rovinc, 
according to the number of reiolutinns, generally from 1) to 2, which the spindle makes for each 
inch of aliver delivered by the drawing rollers B. Then the speed of the bobbin must be bo mnoh 
slower than that of Ibe flier aa to enable the flier bv its greater speed to coil anon the bobbin the 
length of roving delivered by the drawing rollera. When one eoil of roving haa been laid upon the 
shank of the bobbin, its diameter is inor^aed bv double the thickness of the roving; and therefore 
before the next coil is wound on, the speed of the bobbin muat be increased ia proportion to the 
iDoreased diameter. This is effected by each asceuding and detcendtng motion of the bobbin-lifter 
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N releasing a pawl, which allows the strap L to be drawn along the cones H and E to a different 
diameter, and thereby varies the speed of the pinion T gearing into the spur-wheel P, By this 
means the roving is wound upon the bobbin with an equal amount of tension, and consequently a 
uniform thickness, throughout the entire length wound. The different thickaesses of the roving, 
and consequently varying diameter of the bobbin when the coil is made with a thicker or thinner 
roving, are allowed for by .the fineness of the teeth in the ratchet-wheel of the escapement appa- 
ratus. The bobbin-lifter N is counterbalanced by the weight U, Fig. 2920, and the vertical 
reciprocating motion is given to it by means of a mangle-wheel with pinion and rack V, driven 
from the lower cone K, so as to impart a gradually decreasing speed to the reciprocating motion 
oC the bobbin-liftar, m aceoidanee with ue incrfsasing diameter of the bobbin as the roving is 
wound upon it. These variations in speed can be so nicely adjusted that the bobbin will take up 
the whole length of the roving wound upon it, amounting to several hundred yaids, without any 
perceptible differenoo in tension between the first coil and the last. 
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Figs. 2923, 2924, represent a section of a Tow Carding Machine. The tow frequently contains 
a considerable quantity of dirt and boom that has been left in the flax by the scutching machine. 
This ia principuly removed from the dressed line in the heckling process, but is thrown down with 
the tow or shorter fibres of flax which are combed out by the heckles. The tow carding machine is 
intended to separate the dirt and boom from the tow, and deliver the fibre in an even sliver ready 
for the drawing frame. 

The large carding cylinder A, Figs. 2923, 2924, is 2 ft. 7} in. diameter, and is made of cast iron, 
and covered with beech-lagging set with finely ground and haidened steel teeth. The tow is laM 
upon an endless feed-sheet B, which carries it forward to the feed-roller G. Under the feed-roller 
is a cast-iron shell, the upper edge of which is carried up into the angle formed by the carding 
ovlinder and the feed-roller ; and as the tow is slowly carried forwards by the feed-roller at a nte of 
about 2 ft. a minute, it is caught by the teeth of the carding cylinder A, which runs at about 
3<)0 revolutions a minute or 2500 ft. a minute speed of circumference. The teeth of the cylinder A 
throw the tow against the worker D, which is a slowly revolving roller, running at a surface speed 
of onlv about 100 ft. a minute, and covered with needle-pointed teeth set in strong leather. The 
teeth have a keen bend, as shown enlarfi^ed in Fig. 2924, and carry the tow round towards the iron 
Ixur E, the upper edge of which is poliuied. The tow is then caught by the stripper F, which is 
clothed in a similar manner to the carding cylinder A, and runs much quicker than the worker D 
but slower than the cylinder A, having a surface speed of about 1500 ft. a minute. The teeth of 
the carding cylinder then strip the tow from the teeth of the stripper F, and carry it forwards to a 
second pair of workers and strippers of exactly similar construction to the first, where the same 
operation is repeated for further cleansing and combing the tow. 

The carding cylinder next carries the tow forwards to the doffer G, which is clothed with finely 
ground wire teeth set in leather, and moves very slowly at a surface speed of only 150 ft. a minute. 
The tow is combed off the doffer by a comb I, Fig, 2924, carried upon an oscillating arm worked by. 
the crank-shaft J, and it passes forwards to the feed-roller H provided with an ecfge-plate or shell 
similar to the first feed-roller C, and running at the same surface speed as the doffer U, feeding the 
tow again on to the carding cylinder A. As the speed of the carding cylinder is so very much 
great^ than that of the doffer and feed-roller, a further combing action takes place uoon the tow, 
by the teeth of the carding cylinder combing out the fibres, which are partially held oetween the 
teeth of the slow-moving doffer and of the f^-roUer. The carding cylinder then carries the tow 
forwards to the second and third doffers K and L, where the final combing of the fibre takes place ; 
and from these doffers the tow is combed off as before by the combs 1 1^ where it is divided into 
three slivers, and passed forwaxds to the two pairs of rollers M and N, m connection with which 
is a doubling plate provided with angular openings, as previously described in the spreading frame. 
The last pair of rollers N N deliver &e slivers of tow into cans ready to be taken away to the draw- 
ing and roving frames. It is usual to place a gill drawing apparatus in connection with the carding 
maiohine, so as to perform the first drawing operation at £e same time, immediately upon the slivers 

5 D 2 
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of tow being delivered from the laat pftir of roUen K N ; and thia arrangement has been adopted 
an improvem 




The action of the teeth npoo the tow in the oazding machine onght to be of a combing charBoter, 
and in order to get this action the tow requires to be held np to the points of the teeUiy which la 
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oniulng an nmoant of friction in tho pcwnge of the tow, nsd eoabliDs the strimKir I17 iti qmeker 
— -----Q la comb out tbe fibres. In the ordinaTj' canliDg mochiaeB, without these oi^e-plii tea betweoi 



thus breaking tho flbro and making uneven work. Carding maohtties have fur a long time been 
made with cylinderB as much as 5 ft. diameter, and a coiuiderabte Domber of pain of workers and 
ettippeis, say from six to eight 01 even nine pairs ; but in these the work produced la in no way 



■nperior, and a mnch larger amonnt of waste is mkde and more power nsed. Wooden gnarda P F, 
Fig. 2£>23, are fixed in different positions nmnd the ciroamrerenoe of the carding cjlinder, for the 
pnrpOBe of directing the cnrrenti of air oanaed l>y the rotation of the ejlinder so aa to distnrb the low 
as little aa poasible in its pasaiwe between the points of the teeth of the WTera] rollers nmniiig in 
oontaot with the carding oylindar, in coder thereby to avoid waste and imperfect work. The t«etb 
of the doffera G, K, ^d L, are kept clean b; the bmahea B R driven in the opposite direction, 
m.. .» ^ ^f drawing and roving the tow slivers as delivered horn the carding mMhIne 
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are precisely slmilflrto thoso in the long-line preparation already deeeribed, the drawing and roving 
frames for the tow being adapted to the shorter fibre to be worked. Several kinds ot gills have been 
^ introduced for preparing tow, but none have proved an improvement upon the screw-gill, which is 
now almost universally used in flax machinery. The process of combing tow by a combing machine, 
after carding it, is carried on by two or three eminent spinners, but the cost is out of all proportion 
to the quality of yam produoed ; and the tow thus prepared is only used for making sewing thread, 
to which it has been successfully adapted. 

The last process in the manufacture of yam is the spinning; and in Fig. 2925 is shown a trans- 
verse section of a wet spinning frame. 

The cylinder A drives the spindles B, which carry the fliers for spinning the vam, at a uniform 
speed of from 2000 to 4000 revolutions a minute, the speed being adjusted accoraing to the weight 
and oualitv of yam produced. G are the receiving rollers, and D the drawing rollers, which are 
callea the back and front pair of rollers respectively ; and the difference of s^ed is usually from 
eight to ten times, thus drawing out the roving to about t\, of its size. The upper roller of each 
pair is pressed against the lower by the saddle and weighted lever E. The hot-water trough F 
through which the roving passes is placed with its edge as near as practicable to the bite of the 
receiving rollers 0. The bobbins Q from which the roving is supplied are placed above, and the 
roving is held down in the water by strips of wood 1 1 faced with sheet brass. A 8plash1>nard H is 
fixed in front of the spinning frame, to prevent the spray from the wet yam being thrown upon the 
attendants. 

The lower of the two drawing rollers D is driven by a train of wheels from the main driving 
shaft A at a uniform speed of from 100 to 200 ft. a minute of the circumference, so that the fliers 
make from 20 to 40 revolutions for each foot of yam delivered by the drawing rollers; and this 
additional amount of twist put into the wet sliver converts the delicate roving into a strong yam. 
The yam bobbin is loose upon the spindle B ; and as the lehgth of yam given out by the drawing 
rollers is very much less than the length which the flier would wind upon the bobbin if the latter 
were stationary, the bobbin is feimply dragged round by the flier in the same direction as the 
spindle B, without requiring any regulating gearing for driving the bobbin as in tlie ca^e of the 
roving frame, since the yam is too strong to be elongated or injured by the tension necessary to dr .g 
the t>obbin round. In order to keep sufficient tension upon the yarn whilst winding upon tho 
bobbin, so as to prevent snarls in the thread, a cord U pressed against a groove in the bottom flan^o 
of the bobbin, the friction of which retards the bobbin and produces the required tension upon the 
vam ; one ena of this cord is fastened to the inner edge of the bobbin-lifter J, and the other end 
hangs pendent with a weight through a notch in the outer edge of the bobbin-lifter, which ia 
notched along its entire length ; thus the amount of friction upon the bobbin can be varied aa 
desired by shifting the cord into a different notch, thereby varying the length ot the arc of contact 
of the cord with the bobbin-flange. The bobbin-lifter J ia raised and lowered at a uniform rate by 
the lever K worked b^ the cam L^ whicH is driven from the main driving shaft A. 

The important point in a bpfnning frame fs to have good rollers. The receiving rollers and 
the lower o! the drawing rollers D are made of hard brass, and all three are very carefully fluted 
longitudinally with flutes that have a round top and bottom, so that the roving as it passes 
through the receiving rollers may not be unevenly crushed, which would cause the fibre to break 
down in the drawing process. The drawing rollers D nave the uppei or pressing rollei made of 
soft material, usually boxwood, but the warm water used in the process is very destructive U) the 
wood ; gutta-percha also has long been tried, but if not well purified from sand or earthy matter it 
is apt to wear away the brass roller. 

See the paper of Thos. Greenwood* printed In the Ftoceedings of the Inst, of M. E. (1865). 

Bee Bbakb. Cotton Maouinbby. Uear»o. 

FLOAT WATER- WHEELS. Fr., Rone a atibe^l Ger.. Schaufelrad, 

Before entering upon the examination of this subject, it is necessarv to indicate the meaning 
of the letters that we employ in our calculations and investigations. Thus we have, 
* H = Total fall of the water. This fell^ when it is taken to measure tho entire force of the 
current, is the difference of level between the fluid surfaces of tho upper and lower 
reaches. But for hydraulic wheels, it is reckoned from the upper level, or that of the 
reservoir, to the lowest point of tho wheel, as this point may be lowered to the level of 
the lower reach, when this level is constant. « 

V = Velocity of the fluid on its arrival at the point of the wheel upon which it exerts its action. 
V =s Velocity of the wheel at the centre of percussion of the fluid. The distance of this centre 
from the axis of rotation is the dynamic radius of the wheel. 

h = That portion of the fall comprised between the level of the reservoir and this same centre. 
It will be the height due to V, if this velocity experiences no loss between the reservoir 
and its arrival at the wheel. 

V* 

Ai = Height really due to V ; thiis, A| = •>- > 

We shall make A, s=. A (1 — /i), /a being a quantity connected with the before- 
mentioned losses. 

A' = Height duo to the velocity v; A' = 5— • 



A"AeightduetotheTelocityV--t);A'* = g^'== ^^^?^^'""^^' . 

P = Weight of water furnished in 1" by the motive current 

Q = Volume of this same water. P = 62 • 46 Q. 

K = Effort exerted by the motor upon the wheel. 

p = Weight representing the sum of all the reaiBtanoes which the motor has to overoome. 
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E = Dynamio effect produced by the wheel, or the force impreased upon it by the motor. 

n = Ratio of the real to the theoretic effect, or to the impreeeed force deduced from calculation, 
m = Ratio of the real effect to the force of the motor ; m = ^== • 

We are to treat here of what are strictly termed float-wheels. They are the most simple of 
wheels, and such as were formerly almost wholly in use ; they are still in frequent use, principally 
on small falls, those below 5 ft. 

Such a wheel, Figs. 2926, 2927, consists, 1st, of a revoiving shaft ; 2nd, of two rims or shroudings, 
and even of three in very large wheels ; 8rd, of arms, which connect each rim to the arbor, and 
which are arranged in different ways, as we see by the figures ; 4th, of supports, strong wooden pins, 
imbedded and held fast upon the snroudings; 5th, of floats nailed or Iwlted upon the supports; 
6th, and quite often of counter-floats or plaxikB fixed flat against the rims, and enclosing a part of 
the interval between the floats. 



2926. 



392t. 





The motive water is led to the wheel by a water-course whose sides nearly touch the floats, 
leaving them only the play necessary for motion. It is delivered to the course through a gate-way, 
whose Doard is raised to a greater or less height, as we wish to deliver more or less water. 

In the first place we shall make some observations upon the best disposition, and upon the 
principal dimensions to be given to parts which have an immediate influence upon the effect of the 
machine, to wit, the sluice, the course, and the floats. 

The fluid mass, on its issuing from the gate, experiences a contraction ; then dilating, it meets 
the sides of the water-oourse and follows them. Even should it have, when at the section of greatest 
contraction, a velocity due to the height of the reservoir, yet a notable portion is afterwards lost by 
the effect of this dilation, and that of the friction against the course, if it has any length ; bo that 
quite often it arrives at tne floats with only three-quarters of this velocity. We prevent this loss 
of velocity, and consequently of force, 1st, by establishing the gate as near as possible to the wheel ; 
we thus render the resistance of the course nearly insensible ; 2nd, by disposmg the sluice so as to 
^uce the contraction as much as may be ; for this purpose, we prolong its bottom and lateral sides 
(above the opening) into the bottom and sides of the water-course ; and we widen its entrance, or 
that of the canal which precedes it, so that the horizontal section of this entrance may have the 
form represented by Fig. 561 ; 8rd, we incline the gate-board and all the front part of the gate- 
way ; this inclination amounts to carrying the orifice nearor the fioats, and nearly approaches the 
openings of pyramidal troughs, where the contraction is almost nothing. Experiments made by 
M. Poncelet place beyond a doubt the good effect of this inclination ; a gate inclined 63° to the horizon 
(1 base to 2 height), gave him * 75 for the coefficient of contraction, and he had * 80 with an angle of 
45° (1 base to I height) ; an upright gate, in the same ciroumstances, gave about * 70. By disposing 
his sluices in the m&nner above indicated, this philosopher accomplished the end of bringing the 
motive current upon the fioats of the wheel with a velocity but little differing from that due to 
the height of the reservoir ; it is true that the opening of the gate was great, and the diminution of 
the velocity is as much the less as the opening is moro considerable. If, without loss of fall, we 
might direct the water immediately upon the fioats, in causing it to issue through an orifice in a 
thin plate, or through a pyramidal larough, the velocity would experience only a few hundredths of 
diminution. 

Immediately past the gate, the water-course is directed, with a slight inclination, tewards the 
wheel ; it passes oeneath, and then continues in a right line, Fig. 2926. Its size is determined by 
the volume of water which it is to conduct ; the thickness of the fiuid sheet in the wateiKsourse 
(supposing for an instant the wheel to be raised up) should never be above 0*82 ft. nor below 
0'49 ft. If it wero less, the quantity of water escaping between the fiooring and the lower edges 
of the fioats, without exerting any action upon them, would be proportionally too great ; and the 
force of its current would be notably diminished. That this diminution may be as slight aM^ible, 
we should not give to the space necessary to be left between the sides of the water-coursMnd the 
edges of the fioats more than from '0328 to *0656 ft. 

If ever so little fittontion is given to careful constructions, we do not make the water-courses 
entiroly rectilinear. Their bottom or fiooring should arrive at the level of the lower edge of the 
second fioat above the vertical diameter ; thero it curves concentric with the wheel, as far as the 
plumb line of this diameter; then it falls suddenly a decimetre (*328 ft.) at least, and finally 
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punues its ooone with the slope permitted by the locality, Fig. 2927. Its breadth, immediately 
Defore reaching the floats, is a little less tlum theirs ; it then increases and encloses the floats 
beyond the vertical diameter. By these dispositions, the water, on its arrival at the wheel, 
impinges upon it with all its mass, without experiencing a loss through the intervals ; after that 
the lowering and enlargement of the wheel-oourse £avoarB the clearing of the water, and does not 
obstruct its motion. 

After what has just been said, the breadth of the floats is fixed by that of the course, and bv 
the size of the intervala Their height, in the direction of the arm of the wheel, ought to be sucli 
that in the greatest rising of the water against the first fioat struck by it, a portion of the fluid, 
which tends to run past its upper edge, although retained by the counter-float, shall not lose a 
part of its action : we prevent this loss by giving to the height of the floats about three times the 
thickness of the sheet of water in the course, without, however, exceeding 2-18 ft. The distance 
from float to float, measured upon the exterior circumference of the whecuL, should be a little less 
than their height. 

Their number, then, will depend upon the extent of the ciroumferenoe or of the diameter, and 
this dimension is nearly arbitrary. 

The dynamic effect of the wheel is proportionate to the velocity of the floats : It requires only 

this velocity, which is independent of the diameter. When the diameter is required, we usually 

determine it by the number of turns which it is proper the wheel should make in a certain time, in 

ordler that the transmission of motion to that part of the machine which does the useful work, and 

which should consequently have a certain velocity, should be effected with the greatest simplicity, 

'and with the least gearing possible. This is accomplished in such a way that the wheel shall have 

a velocity and dimensions adapting it to fulfil the office of a flywheel, so as to maintain a suitable 

uniformity of motion. If u is the velocity at the extremity of the floata, N the number of turns 

60 ti tf 

wished in a minute, the diameter will be -:r=-, or 19* 1 -i^ . For the case of good effect, we shall 

.- 58-8 , 

have nearly « = 8*08 v H ; and consequently the diameter will be -|p v H. Finally, in practice . 

we never make it less than 13 -12 ft., nor more than 26*25 ft. 

According to the adopted size of the diameter, we shall give to the wheel the number of floats 
indicated below. This number is divisible by 4; from the fact that constructors are in the 
habit of putting an integml nimiber of floats in each of the four Quarters of the wheel. We may, 
besides, without any disadvantage, increase by 4 each of the numhers of the Table. 





Diameter. 


Floftts. 


Diameter. 


Floats. 


' 




13-12 
16-40 
19-68 


Ko. 
28 
82 
86 


ft. 
22-97 
26-25 

i 


Na 
40 
44 





Bossut, in raising the same weight by a small wheel of 3*346 ft. diameter, sometimes with 48, 
at other times with 24 floats, obtainea effects which were in the ratio of 4 to 8» whence ho concluded 
that it would be better to give a greater number of floats to wheels than is usually done. But bis 
water-course was rectilinear, and in such a course the wheel takes positions in which the spaces 
between the flooring and the edge of the floats shall be the greater as their number is the smaller ; 
whence it follows that a great quantity of water is lost without exerting any action. Smcaton, to 
whom this fact was well known, remarked that this no longer occurs, and that the effect is not 
necessarily diminished by lessening the number of floats, when we curve the flooring concentrically 
with the wheel, and that it was sufficient to give such a length to the curved part, as that one 
float might enter it before the other left. 

Some mechanists have supposed that the dynamic effect ia increased by inclining the floats 
upon the direction of the arm, and they have given them such an inclination. But what may be 
advantageous for a wheel plunging in an indefinite fluid is no longer so for one established »in a 
mill-race. Bossut having compared the effects obtained with floats inclined 0°, 8^, 12^, and 16°, 
found that they were respectively as the numbers 1, 0*949, 0*956, and 0*998; so that in these 
experiments, the only ones with which we are acquainted, the inclination has been a diBadvantage. 

In the case only where a wheel might casually be plunged in the race of a canal (for we cannot 
admit that it is usual, inasmuch as its establishment then would be faulty, and would have to be 
changed), the inclination of the floats would favour their clearance ; or rather, it would prevent the 
floats, after they had passed the vertical, from taking up and raising a certain quantity of water, 
which, acting in a direction opposite to the motion, would diminish the effect. TniB inconvenience 
is obviated in large wheels established upon the arms of a river, where the fall is very small, and 
where the floats are composed of different pieces, by giving them a slight inclination, but more 
and more as they approach the exterior circumference of the wheel. 

Attempts have oeen made to increase the djmamic force, by means of lining the floats with 
borders or side pieces. But their action was inconsiderable in the case where the paddles which 
receive the impulse of the fluid are placed in a water-course. It will be still less upon the floats 
of a wheel ; and in the experiments of M. Ponoelet, made at a powder-mill in Metz, these flanges 
have augmented the effect out a fifteenth. 

We produce, and with more certainty, an analogous effect, by fixing and enclosing the fioats 
between two circular plates, similar to those which form the crown or shrouding of bucket-wheels. 

In narrow wheels, cast-iron fioats, slightlv cylindrical, the axis of the cylinder being in the 
direction of the radius, produce the effect of these side enclosures. 
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When w<3 put in motion a machine at rest, and for this purpose open the gate, the fluid is pre* 
cipitated forcibly against the float which is opposite to it, rises and flows over all its parts ; 
continually pressed by that which arrives without interruption, it exerts a greater effort than 
when the motion is established. A portion of this effort is put in equilibrium with that of the 
resistances to be overcome ; the remaining portion acts, in the first moment, to break the adhesion 
contracted during the repose by the pieces of the machine which should move upon each other ; 
and then, striving against the Inertia of the masses, it accelerates more and more its motion. As 
the velocity of the wheel increases, its action becomes more feeble (since this action is proportional 
to the relative velocity) ; soon the acceleration, diminishing gradually, becomes insensible and as 
notiiing ; and the wheel, after a few turns, in consequence of the velocity impressed upon it, and 
in virtue of its inertia, continues to move, as it were, of itself, either with an entirely uniform 
motion, or with a velocity which, oeoillating between near limits, may be reduced to a mean and 
continuous velocity. 

The action of an impulse, or the dynamic effect produced bv it upon the floats of a wheel, or, 
-more exactly, upon a paddle well set in a water-course, and which yields perpendicularly before 

thefluid,is -(V — 0»- 

Is it the same for a series of floats presented in suooession to the current, or two or three at a 
time, and under different angles of inclination ? Experience alone can afford us just ideas upon 
this subject : meanwhile, we assume that the action of the impulse upon the wheel is not equal, 
but of the same nature, and having the same form of expression as the above. 

In this expression of effect, when the wheel is moved by the same current, v is the only variable. 
If = 0, the effect will be nothing ; a machine which does not move cannot produce any. It will 
still be nothing when o = Y ; a wheel which goes as fast as the current cannot receive action from 
it. It is moreover evident that v can never exceed Y. So that the effect will increase according 
as the velocity of the wheel, starting at zero, shall increase ; but only up to a certain point, beyond 
which this eflject will decrease, returning to nothing when the velocity shall be eoual to Y ; oetween 
these two extremes there will, then, be a maximum of effect. Differentiating the variable part of 
the expression, (Y — v) v, and making this equal to zero, we have \dv^2vdv = 0: whence 
= j Y ; that is to say, that a wheel with floats produces its greatest effect when its velocity is half thai 
of the current, 

P 

The effort of the water upon the float is - (Y — o) ; this will also be the value of the load of 

the machine, that is to say, of the sum of resistances which it can overcome, these quantities being 
equaL 

For the case of maximwn of effect, where v = { Y, this load will be -^ — . For the same ease, 

the dynamic effect, being equal to this load multiplied by its corresponding velocity } Y, will be 

P V Y* 

equal to -7 — , or, observing that o— = A^ i P ^i* The greatest effect of which a current arriving 

at a machine is susceptible, with P of water, and a velocitv due to A„ is P A, ; that of a wheel with 
floats will therefore oe only half of this. If the entire fall H had bKsen made available, and expe- 
rienced no loss of velocity, either at the gate or in the course, we should have A^ = H, and for the 
maximum effect } P H. Whence we conclude, that the greatest effect which can be produced by a current 
of water acting by its impulse upon a wheel with floatSy cmd upon a hydraulic wheel in general^ is but half 
of the greatest effect of which it is capable. And yet we could never have arrived even to this half, 
but through suppositions which are not realized ; it is a limit which we cannot attain, and from 
which we are usually far removed, as we shall soon see. 

We pass to the modifications which experience must make in the results of a theory, which, 
moreover, we have only admitted with reserve. We shiJl devote some time to this subject, both 
because we are dealing with nearly the only wheel that is moved solely by the impulse of water, 
and because the field of experiment has been successfully explored by a man of superior merit, 
Smeaton. His observations were made, it is true, on a small scale, the model of the wheel being 
only 2 ft. in diameter ; but they were so well directed towards the principal points of the problem 
to be solved, and executed with so much skill, that they enable us to recognize the principal cir- 
cumstances of the motion of wheels with floats. It was only after Smeaton had satisfied himself 
that their results were conformable with those observed by him on large wheels, that he published 
them. 

Upon the axle of a wheel a cord was wound, which passed over a pulley on the top of the 
machine, and which bore at its end a basin, in which were placed at pleasure various weights. 
The water was furnished to the wheel by a reservoir, which was constantly kept at the desired 
height. 

The experiments were divided into classes and series : those of the same class all have the same 
opening of the sluice-gates ; and in those of the same series, they moreover had the same height of 
reservoir, and oonsequenUy the same quantity and the same velocity of motive water, or the same 
dynamic force. The velocity of the fluid, at the moment of strilong the wheel, as well as the 
passive resistances, were determined previously and directly by experiments of a very ingenious 
character, which may be found in the memoir of the author. These preliminaries having been 
established, a small weight was at flrst put in the basin ; when the motion was well established 
and had become uniform, they counted the number of turns made by tha wheel in I' or 60", and 
thence deduced the velocity of the elevation of the weight : this was the first experiment of the 
series. Then the basin was lowered, and a heavier weight placed in it, and the time of raising it 
was taken. So, in succession, for a thud, fourth, &c., weight, up to the weight which was so heavy 
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B8 to arrest the motion ; the series of experiments was then completed. That term in which the 
product of the weight raised (adding to it the weight representmg the passive resistances) into 
the jespectiye ascensional velocity, was found to be the greatest, was the term of maxtmum effect of 
the series. 

Smeaton in this manner made twenty-seven series of experiments, and he published a table 
presenting the drcnmstancee relating to the experiment of maximum of effect in each series. Tho 
following Table, containing eighteen of these experiments, is an extract &om it. The dotted trans- 
verse lines to be seen in it separate the six classes of experiments; from one class to the other 
the opening of the slnioe-gate was gradually enlarged. The titles of the columns indicate their 

V" 

contents sufficiently welL We confine ourselves to the remark that, for each experiment, Aj = ~ , 

H = A, - , a being the number of the experiment or of the horizontal line noted in the eighth 

p 
column, and fi the number in the ninth ; H is the height of the water above the gate sill ; ^=py, 
y is the corresponding number of the tenth column, and ^ represents, for each series, the weight 
which, put in the basin, would arrest the wheeL 
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4-05 
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5-416 
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8-125 
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•1344 

•5579 
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6 


7 


8 


9 


10 



The first four columns of the Table present the data of the experiment ; the last six, the results 
deduced from them. Let us sum up these results. 

A glance at the sixth column snows 'that the coefficient of reduction of the theoretic eflTect to 
the real efiTect is not constant, and consequently that the admitted theory does not adapt itself to 
all the circumstances of the movement of wheeb with floats. 

Its results, as to effect, are so much farther from those of experiment, as the velocity is more 
considerable, as we may see in the Table following, which answers to the only entire series of ex- 
periments wnich Smeaton has given us. The quantity of motive water used there was 4-46 lbs 
and its velocity 9-222 fL 
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4-691 


1-512 


0-52 


8-117 


1-751 


0-67 


4-363 


1-671 


0-57 


2-756 


1-714 


0-69 


3-773 


1-671 


0-59 


2-296 


1-967 


0-71 


3-510 


1-765 


0-64 


1-706 


1-280 


0-71 



The coefficient n does notpresent so great varieties in the experiments of the great table, which 
answer to the maximum of effect of each series : and even, making abstraction of some anomalous 
numbers, we have for the mean of each class (one only excepted) very nearly n = 0*64 ; and con* 
sequently, £ <xipv = 0-64. iPA| = 0-82PA|. 
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This ratio of pv to PA., immediately given by each experiment, Is noted in the eighth colnmn 
of the Table; it only vanes from 0*28 to 0*82; and the mean term has nowhere exceeded 0*30. 
Nevertheless, Smeaton thought he had good cause to raise it as high as ^ for great wheels ;. that is 
to say, to admit their efifeot to be -^ of the force which the current possesses on its arrival at the 

floats. 

The ratio of this same eflfect to the entire force of the motor, or tn, indicated in the ninth column, 
is not so constant in its character as the preceding ; it gradually increased from one class to the 
other, from 0*167 up to 0*25. 8o that, in the experiments of 8meaton, the greatest dynamic effect 
toas only from a sixth to a quarter of the entire force of the motor. We doubt if in great machines, 
even supposing them well arranged, it attains this last value ; though theory indicates it as double, 
or JPH. 

The ratio of the velocity of the wheel to that of the current gradually increased from one class 
to the other, that is to say, in proportion as the opening of the sluice-gate was greater, from 0*36 
up to '"52 ; it was, as a mean, * 44. Smeaton does not admit over * 40. Bossut, after a series of 
some experiments, also adopted this same number ; but as the velocity of the current was measured 
at the surface, they have given too small a result; it would approach 0*50 in taking the mean 
velocity. We believe that in machines well arranged and well conducted we may very nearly attain 
this theoretic limit; and, with some authors, we shall adopt o = 0*45y, always for the case of 
tnaximum of effect. 

Finally, the last oolamn shows that the load which arrests the wheel is only from one to two 
tenthJs greater than the load for the maximum of effect. But according to tlieory it should be 

PV 

double ; indeed, the load ^, corresponding to the velocity o = 0, is — ; and that which oorresponds 

PV 

to the maximum is 77— , p. 1514. 

2g 

The results we have just given refer to the case where the velocity of the wheel Is found to be 
the most advantageous ratio to that of the current at the moment of striking the floats. But 
usually this is not thd case ; the effect is less, and its coefficient n, experiencing great variations, 
as we have seen in the small Table (p. 1515), can never be expressed by a general formula. 

However, when the velocity of the wheel does not exceed certain limits, one-third to two-thirds 
that of the current, without the risk of any notable error, especially in oxceas^ we may take *60 for 
the coefficient, and admit 

E = 0-60- (V-c)« = "01864P(V-c)«=l*1640Q(V-t)v. 
9 
The velocity Y, with which the water arrives at the floats, is always difficult to determine. It 
meets, as we have seen (p. 1 512), with losses between the sluice-gate and the wheel; without them, 

we should have Y = fj2g h ; and A, the difference in level between the suHJeu^ of the reservoir and 
the centre of percussion of the floats, would be easily measured. * 

Smeaton, who made observations upon the losses really experienced, and who has sometimes 
seen them as high as one-fifth of the velocity, has also remarked that they diminish, when the 
height of the opening of the gate increases ; so much, says he, that in mill-sluices, when great 

volumes of water are discharged, under moderate heads, Y will be very nearly equal to ij2gh, 
M. Ponoelet has also observed that the loss of velocity is less in great openings ; and t hat th rough 

an opening -7217 ft. in height, and even with a head of 4*598 ft., he found Y = 0*99 tj2gh. Still, 
to prevent mistakes, and supposing that the sluice-way is otherwise suitably atranged, we will 

admit Y = 0*95 ij2gh = 7*6215 V h ; and consequently we shall have generally £ = 1 *1642 Q 

(7 * 6215 a/T— v) 0. When is very near to ^ Y, this expression will be reduced to E = 16 * 907 Q K 

The ratio between the effect and the entire force of tne motor will be established in a manner 
still less sure. Smeaton, even in the case of maximum effect, found it vary from 0*16 to 0*25. So 
that we shall have nearly always E < • 25 P H or < 15 * 612 Q H. ^ 

Finally, we but little regret our inability to give a more precise expression of the effect of 
wheels with floats moved by the impulse of water, inasmuch as this kina of wheel is nearly out 
of use. 

Kotwithstanding this remark, suppose we are to establish a wheel to put in action a blast-engine, 
appointed to throw into a high furnace for melting iron b^ means of coal or of coke, three-quarters 
of a cubic m^tre or 26*487 cub. ft. of air in a second, with a velucity of 426*51 ft. ; and that we 
have upon a small tiver a fall of 5*4134 ft. We wish to determine the volume of water required 
to move the machine. 

That we may have three-quarters of a cubic mbtre of air in the furnace, in view of the inevit- 
able losics, we must count upon a cubic metre. At tlie level of the sea, and at zero of the thermo- 
inetric temperature, it would weigh 2*8671 lbs.; at the site of the mill it will weigh only 
2 * 6906 lbs. ; we will admit 2 * 7568 lbs. The height due to the velocity of 426 • 51 ft. is 2821 • 57 ft. 
Thus the useful effect to be produced is equivalent to raising 2*7568 lbs. to a- height of 2821*57 ft., 
or 1075 km. = 7778' 59 lbs. ft. in one second. B^ reason of the passive resistances of the wheel, of 
the machine and air-pipe, we will augment this number by a third, and we shall have for the 
dynamic effect, 10371*45 lbs. ft. = E. 

On the fall of 5*4134 ft., we will take * 98427 ft. for the distance between the centre of perous- 
sion of the floats and the lower level; and there will remain but 4*4292 ft. for the value of A. 
Thus the equation will be 10371*45 = 16*907 Q X 4*4292 ; whence Q = 188*49 cub. ft. We will 
reckon upon 141*266 cub, ft This water, having to run in a water-course with a velocity of 

1604 ft. = 7*6215 ^4*4292, the section of the fluid sheet in it will be 8*888 sq. ft., dnd as iU 
thickness should not exceed '6562 ft., its breadth must be 18*^18 ft. ; let us put it at 13*45 ft 
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LenTing a spaoe *0492 each ndo between the eonne and the wheel, wc shall have for the breadth of 
the latter, that ii to say for the breadth of the floats, 18*353 ft. Their height will be 2* 132 ft. ; 
for under the wheel, the water will rise 1'97 ft. and more : they will therefore be furnished with 
oonnter-floats (** ccntre-aubes "). Their number will be forty, the diameter to be given to the wheel 
being 20*34 fk. ; each will be formed of four planks, '574 ft. wide, and inclined gradually upon the 
radius CP, 10°, 20°, and 30°; the three iron supports to hold them will have three bends or angles 
of 170°. The wheel will make about seven turns per minute, and its motion will be communicated 
without gearing to the pistons of the blast-cylinder, either by means of eranls, winches, balance- 
beams, or by cams, in the form of eccentric wheels, which will accompany them in their ascent and 
descent. 

The float-wheel just described, exceeding 13 ft. in width, consuming 141 -26 cub. ft. of water per 
second, with a fall of 5*413 ft., having thus a force equivalent to 89 horse-power, will be one of the 
most efficient which we can have. If charcoal were used in the furnace, we should not require over 
17 * 66 cub. ft. of air per second, with a velocity of 328 ft. A volume of water of 44 * 14 cub. ft. would 
be sufficient to move the wheel. We should give it a width of only 4*92 ft.; its floats might be 
plane and 1*968 ft. deep. 

Wheels established m a Circular Waier-oourse or Cui^, — ^We have seen, p. 1512, that the most 
advantageous disposition of the course for float-wheels is in curving it under the lower part of the 
wheel and concentric with it, for a short length (one or two of the float spaces), and conseouently a 
very small height. The advantage increases as the height or versed sine of the curvea part is 
greater; so much so, that now they are made as great as possible compared to the fall ; and we givo 
them two-thirds, three-quarters, and even a greater proportion of its value. In this way we obtain 
wheels of very good effect, perhaps the best 
that can be had with small falU, those of 
8 ft. and less. Fig. 2928 gives a good idea 
of their disposition. 

Manifestly, the circular course or curb 
should be constructed with great care, and 
of masonry, if possible ; its apron, or cylin- 
drical surface, snould be very smooth, well 
centred, and so that its axis shall be exactly 
the axis of rotation of the wheel which the 
cttr6 or manUe encloses. The space to be left 
between its surface, that of the bottom as 
well as its sid^s, and the edges of the floats, 
should be from 0*0328 ft. to 0*049 ft. We 
should never make them less; in the best 

suspended and best made wheels, after a while, some portions yield or wear out, some joints begin 
to play ; and if the space is too small, the floats will soon rub and scrape against the curb. This con- 
sideration should inauce us to establish very solidly the walls or pillara upon which the gudgeons are 
supported. The breadth of the course, as well as that of the wheel, shomd be su<^ that the water, 
running freely over its bed, might not Iwve a depth of over * 656 ft^ nor under * 049 ft. The diameter 
of the wheel will be determined in the manner anu aocordine to the considerations shown in p. 1513; 
generally it is fh>m 16*4 ft. to 28 ft. The number of the floats will be such as before described, 
p. 1513. Their height should never be less than three times the thickness of the flnid sheet of 
water in the course. They should be placed in the direction of the radius. Btill, good millwrights 
give them a slight inclination; quite often they incline them to the radius with an angle 90° -f a, 

Q IT 

a being given by the equation ooe. a = 1 — —» Sometimes they give the forms indicated in 

Fig. 2928 by a 6 o; or a' b' c\ The sluice-gate should be made and disposed with all the precautions 
indicated in p. 1512, and in such a manner that the water should fall very nearly perpendicular 
upon the float receiving the impulse. Better still, if it can be done, when we cause the water to 
fall by simply flowing over a sill established at the top of the curved apron. 

Water acts upon wheels established in such a course, both by its impulse and by its weight. If 
from the point f. Fig. 2928, taken at the surface of the reservoir, we drop the perpendicular e/, upon 
the horizontal line passing through the bottom of the wheel, and let A be a point taken at the level 
of the one where the water arrives at the flnt float struck ; ef will represent the total fall H, and 
e k the portion h of this fall employed in the generation of the velocity with which the impulse is 
made. After this has taken place the water spreads out upon the floaty descends with it pressing 
upon its upper surface; so that the fluid which is in the course, througnout the whole height kf, 
presses upon all the floats found there, and urges them in the direction of motion ; this action of the 

weight will be expressed by P x A/ or P (H — A). The action of the impulse is expressed by 

p 

- (Y - v)r, or P(A — A' —A"); or, more exactly still, with the notations, p. 1511, and according to 

what we shall hereafter establish (see Overshot Watbb-wheelsX by P (A — m A — A' — A*^, M A 
referring to losses experienced in the velocity of the current between the gate and the wheel. 
Uniting these two paraal aetioDS, the total action, or the effect p v which results from them, will be 

PJ(H-A) + A-mA-A'-A''I. 

We have two corrections to be made for this expression. 

First, even when all the water P expended shall have acted by its impulse upon the flrst float 
it meets ; beyond that, when it descends in ihe course, pressing upon the socceeding floats, the part 
of the fluid which is found in the intervals between the edgea^of the floats and the sides of the 
course exerts no pressure, and has no elEBot ; and consequently it ihonld be subtracted fkom P in 
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the expression P (H — A). The amonni of this part cannot be rigotonsl y detennined. Still, if wo 
oonsider, Ist, that the resistanoo experienced by this water against the sides of the course diminisheB 
the Telocity which gravity tends to give it, more and more during its descent upon the bed of the 
curb ; 2nd, that this velocity is still more diminished by the continual obstructions which the water 
meets in its passage through the spaces, varying at each instant, for a wheel is never perfectly 
centred ; 8rd, finally and especially, that the velocity is altered by a continual mingling of the water 
in the spaces with that resting upon the floats, we may conceive that in nearly every case, the 
velocity of one will be that of the other, and consequently equal to that of the floats. In such a 
cas& if we designate by A the section of the fluid sheet in the course, and by a that which answers 

to the spaces, P -r- will be the portion of the fluid which produces no effect ; we must deduct thia 



P(l-3(H-*). 



from P in the expression of 

Seoondly, Urn pmjBdn of the bottom of the wheel which plunges in the water of the course, 
tiiflro loses a part of its weight equal to the weight of the fluid which it displaces. In consequence 
of this loss, tnere does not exist an equal distribution of the weight of the wheel around the axis 
of rotation ; and the wheel tends to turn against the current ; let p' be the weight representing the 
effort of this tendency ; this will be a new resistance which tiie motor must overcome, and it should 
be added to the other efforts or resistances of which the sum is p. We have then, n being Uie coeffi- 
cient of reduction of the results of calculation to those of observation^ 

0>+l)')t7=inP{(H-A)A-~) + *-MA-V-A"}. 
The example which we shall shortly give will show us the manner of applying this formula.. 
For common use, it may be simplified. The quantities p' and 1 — -t-> supposing the construe- 

tions equally well made, will be very nearly proportional to the force of the machine, or to P ; and 
they may consequently be comprised in the vidue of n. Moreover, we §hall see (Ovebshot Wateb- 
wheels) that the quantity fih + h' -^^ h" always exceeds } A, and that it is very nearly f A. Bo 
that the equation is simply E = n P (H — •} A). 

Let us determine the coefficient n. Let us see its value in a machine, perhaps the most per- 
fect of the kind we have discussed ; it is a wheel established at the crystal-ware manufactory of 
Baccarat, near Lun^ville, by English constructors, and similar to those in use in their country. It 
is 13' 14 ft. in diameter, with a breadth very nearly the same ; it has 82 floats 1 ' 312 ft deep ; and 
it is hung in a circular course, 6 '037 ft. versed sine, upon a fall of 6 '758 ft. ; the space between 
the sides of this course and the edges of the floats is reduced to some millimetres, says M. Morin. 
The motive water was let upon the wheel over a weir 12*79 ft. long, with the head A, above the lip 
noted in the following Table. According to the experiments of M. Gastel, the volume of water 

discharged will be 8 '5567 x 12- 79 h^^h^; whence we have the values of P. The fall was 
6*037 ft. -f A, and we have represented by H' the factor H — 4 A. As for p, the sum of the resist- 
ances to motion, it is the result of experiments made by M. Morin, by means of a dynamic brake : 
to the effort immediately indicated by the brake, this author has added the passive resistances, 
which he determined by calculation ; finally, as they do not reach to -^ of p, a little uncertainty 
respecting them would-be but of small consequence. 
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^ Thus, for the machine at Baccarat, n would be, as a mean, 0*772. But we rarely meet a wheel 
with so small a play as this, and it will only be for machines very carefully constructed an<} 
maintained that we can admit E = * 75 P (H — * 7 A). The above experiments give * 717 fbr the 
ratio of p o to P H. But where, as for the wheel upon which they were made, shall we find the 
height of the circular curb so great as -^ of the fall ? Most frequently this height, or more exactly 
that upon which the water only acts by its weight, is not over one-third, and we generally have 
from 0*60 P H to 0*65 P H. In the application, we shall not use these expressions, but the pre- 
ceding, 0*75P(n — 0*7A); diminishing the numeric coefficient a little if the machine is in an 
ordinary condition. 

Upon a canal fed by a river we have an iron-mill, to which we wish to add a rolling mill of 
thirty horse-power. The available fall at low water is 8*202 ft. : we will employ a wheel moved 
by the weight of the water. It is required to indicate the volume of water necessary to put it into' 
action, and the principcd dimensions to be given it. 

We require for the working of the rollers that the wheel should make six turns per minute, 
with a velocity of 7*38 ft. Accordingly, its dynamic radius should be 11 *745 ft. (p. 1513), and we 
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will make the whole diameter 24-278 fL It shall be a wheel with floats, of which there shall be 
forty-eight, and formed of two planks ; the small one will be placed in the direction of the radius, 
and will be *722 ft in height ; the greater will make with it an angle of 160° 

(=9(^ + 70P; 1-^ = 1-1^ = 00.69^27'). 

and we will give it a height of 1*397 ft., so that the two tmited shall make 1*968 ft. in the 
direction of the radius. The counter-floats will be 1 * 148 ft. in breadth. We will sacrifice '328 ft. 
of the total fall for lowering the apron immediately below the wheel. The height H will then be 
7*874 ft. We take from this 6*562 ft. for the height of the curre to be given to the circular part 
of the course, and there remains 1*312 ft. for A; thus H — A = 6* 562 ft. We have seen that 
fih + h* + A" was greater than 0*5A, and we have made it 0*7A; consequently, 



After this, the equation will be (i> + p') 7*882 = 0*90 P [6*562 ^1 - ^^ + -3936"] . Let 



us 



determine the unknown quantities. 

The weight p, representing the sum of resistances to the motion of the wheel, is given by 
the conditions of the problem ; the dynamic p v being equal to the action of thirty horse-power, 
or to 16280 '7 lbs. ft., and v being equal to 7* 382 ft., we shall have p = 2205 -4 lbs. To deter- 
mine p\ A and a, we must have me dimensions of the sheet of water which descends upon the 

curved bed, and consequently know P, which is precisely the quantity sought Let us tcJte at 

a 
first an approximate value: for this purpose let us make p* — 132*3211)6., and -^ = 0*1; these 

quantities substituted in the equation, give P = 8043*51be., or Q = 48*736 cub. ft. Since the 

Telocity of the fluid sheet should be 7*382 ft, its section, or A, will be 6*6021 sq.ft. (^ ^^) • 

We will admit 0*6562 ft. for the thickness of this sheet ; its width, or that of the eoorse, will be 
10*061 ft. Leaving *065 ft. of space between the sides of the course and the t&ges of the floats, 

we shall have a = *0656 [10*061 -J- 2 (-6562 --0666)] = -7377 sq. ft.: ftus £ = -lina. To 

get p\ we will observe that eight floats at least plunge continually In the water of the course, and 
that thev are submerged for a depth of *5906 ft. in the dhreetlon of the radius, or * 6299 ft. in 
reality, by reason of their inclination of 160° to the radius. Since the width of the floats is 
10061ft. -0-lSlft., or 9*930 ft., and their thickness •0984 ft., the weight of the fluid displaced 
by each of them will be 38*491 lbs. (= 9*9411 x '6299 x *09842 x 62*45) : we will carry it up to 
41 -9026 lbs., on aooount of the ends of the supports, which also plunge into the water. This 
weight is as a force tending to lift the floats vertically : if we estimate it in the direction of the 
motion of rotation, it will be 41*9026 sin. i, t being the angle made by the radius of the wheel 
with the vertical, at the centre of unmerrion of the floats: this radius being 11*844 ft., and the 
dynamic radius being 11 *745 ft., this force referred to the extremity of this last, or augmented in 
the ratio of these two numbers, will be 42*255 sin. •*. For the eight floala, we must multiply 
42*255 by the sum of the eight values of the sin. t, which will be 4*52049, the angles being, as a 
mean, 10^, 17J°, 25% 32J° 40°, 47*°, 55^, and 62J° Thus we shall have p = 191 -01 lbs. 

Substituting these values in the equation, it will become (2205*4 -f 191*01) 7*382 = 0*90 P 
[6*562 (1 - -11173) + *8936], and it will give for the second value of P 8158*8 lbs.; then 
A = 6*8528 sq. ft, a = *7627 sq. ft., p' = 201* 13 lbs. For the third value of P, we have 8169*2 
lbs., and 10*466 ft. for the width of the course. It will be well to augment this width when the 
water arrives in greater quantity; we may carry it to 10*63 ft., and the width of the floats will 
oonsequentlv be 10*508 ft. The force of the motor, 3169*2 lbs., falling 8*202 ft, is equivalent to 
fortv-eight hone-power; the dynamic efiect is but two-thirds of this. The rolling mill of which 
we have been speaking, and whose effect is but that of thirtv horses, is of an ordinary kind : there 
are those which, with great velocity, produce the effect of flfty horses and upwards. 

In the commencement of our observations upon wheels contained in a circular course, we 
remarked that it was best to increase the height of the course, so as to reduce as much as possible 
the distance between the float-board, which receives the first impulse of the fluid, and the reser- 
voir. This is, in fact, the method of obtaining the greatest dynamic effect, with the least con- 
sumption of water ; but this condition, though worthy of great consideration, is x\ot the only one 
which determines the choice and disposition of the wheel to be used. For example, where we may 
have an abundance of water, we should consider less its economy, and rather regard the expense 
required in a construction made according to the rules which we have given : tnus, instead of a 
small distance between the float-board impinged upon and the reservoir, we may sometimes have 
a very great one. This is the case with the iron-mills of the Pyrenees, where there are great falls 
and large streams ; the wheels established there are otherwise remarkable for their sim^oity and 
the solidity of their construction. We will give a brief description of them. 

They are from 8*20 to 9*84 ft. diameter, including the floats ; their circumference is formed by 
four segments or felloes of oak, extending from one arm to the other ; these arms consist of two 
strong timbers, crossing the shaft, with a thickness of '49 ft and a width of 1 * 148 ft The floats, 
twenty-four in number, are 1 * 148 ft deep and 0*2296 ft. thick : the middle is hollowed out to half 
the wickness. Upon this hollow, as upon the rimmed plates of Morosi, falls a great fluid vein, 
issuing from a nearly vertical trough, whose mean length is 9*84 ft. Above, there is a wooden 
reservoir, commonly with a depth of 6*56 ft., and as much in breadth. A little below the orifice 
of issue of the trough, the water strikes the floats; beyond this it as well as the wheel, is con* 
tained in a ciroukur curb or sweeps whoso sides are 0*98 ft. distant from the edge of the floats. 
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Thus, upon a &11 of 24*60 ft., or rather of 21 *325 ft. real fall, admitting as a mean 3*2809 ft. 
of water in the reservoir, about 14*764 ft. will serve for the impulse, and there remains but 
6-562 ft. for the weight to act. The orifice of the trough being usually 0*885 ft. bv *722 ft., the 
head being 13*124 ft., and taking 0*97 far the coefficient of contraction, the discharge or con- 
sumption of water will be 18*01 cub. ft. 

Generally, in the forges of the Pyrenees, it is computed that, with a fall of from 22*96 to 
26*25 ft., there is required 17*658 cub. ft. of water per second to move a hammer of from 1323 to 
1543 lbs. a height of from 0*984 to 1*476 ft., whioh strikes from 100 to 120 blows per minute. 

A bucket-wheel of 19*68 ft. diameter will produce a like effect with but 11*654 ft. of water 
only : the economy would be great, and advantage should be taken of it in a place where there is a 
scarcity of water ; but where there is an abundance, it is possible that it may oe better to establish 
one of the float-wheels just described, than to employ a wheel of double the height, nearly eight 
times the width, and whose construction, establishment, and maintenance will require a much 
greater expense. 

Wheels mofoing in an Indefinite Fluid, — These wheels are principally used in boat-mills, or mills 
upon barges moored in the middle of rivers. We suppose, in this case, that there is no water- 
course or other construction to increase the natural velocity of the current on its arrival at the 
wheel. The diameter of these wheels never exceeds from 13 to 16*4 ft. The floats are usually 
twelve in number ; it is thought, however, there may be an advantage in increasing this number 
to eighteen, and even tb twenty-four. According to Fabre, who has given particular attention to 
this kind of machine, the height of the floats should not exceed -^ of the radius of the wheel, 
measured to the centre of percussion ,* it will thus be at most a quarter of the entire radius ; quite 
often it is but a fifth. This author made them to plunge entirely in the water, which may be 
an advantage in deep streams, when, by reason of some peculiar ciroumstance, the greatest velocity 
is below the surface of the current ; but generallv their force is greater when a portion of the fioat 
(in its vertical 'position) is elevated above the surface, the portion oelow remaining the same. Their 
width varies from 8 ft. to 16-4 ft. 

Deparcieux, after having made the very important observation that water produced its greatest 
effect when acting by its weight (for it was before supposed that it exerted its greatest action by 
its impulse), havmg remarked that the water rose upon the fioats, as upon an mclined plane, as 
soon as their edges reached the surface of the cuirent, and Ithat it acted then by its weight, sup- 
posed he could increase this action by giving the floats a greater inclination. To veri^^ this 
conjecture, he made a small wheel, 2*85 ft. in diameter, carrying twelve floats 0*72 ft.Mn height 
by -656 in width, and to which, by means of an ingenious mechanism, he gave such an inclination 
as he deemed best. This wheel raised different weights by means of a cord passed over a pulley 
fixed above it. It was placed upon the small river Bi^vre, near Paris, in a place where the velocity 
of the current was 1*148 ft., and it there served for many series of experiments. We confine our- 
selves to citing the results of one of them. The aro plunged in tne water was 96^, and the 
weight elevated was 2*85 lbs. The angle of inclination of the floats referred to the radius drawn 
to their interior edge, is noted in the first column of the subjoined tabulated form ; and the time 
of one revolution of the wheel, corresponding to this angle, is in the second column. The angle 
of 30° was that of the greatest effect ,* it increased it in the ratio of 18 to 39, 



Angle of 
Inclination. 



Time of One 
Revolution. 




10 
15 



89 
25 
19 



Angle of 
Inclination. 



Time of One 
llevolnilon. 



80 
40 



18 
20 



Bossut, with nearly the same apparatus, also made a series of experiments. In one of them, 
the inclination of the floats being successively 0°, 15% 30°, and 37°, the effects obtained were found 
in succession to be as the numbers 1000, 1081, 1083, 1037. Here, also, the angle of 30° was 
found to be the most advantageous, though the increase was much less than in the experiment of 
Beparoieux. 

Even if there should be some exaggeration in the results given by the last philosopher, it is 
none the less positive that the inclination of the floats increases the effect of these wheels. The 
best method of effecting this inclination appears to us to be that already mentioned, p. 1513 and 
p. 1516, which consists in inclining gradually the cross-pieces which form the floats. 

Wheels with floats moving in an indefinite water-course having been the object of the first 
theory given upon wheels in motion, we shall now dwell for a while upon this matter. 

Before the eighteenth century, machines had only been considered as in a state of equilibrium. 
Suppose it had been a hydraulic machine ; after having estimated the effort of the current upon it, 
a subject to which Gkilileo and Descartes had made some contributions, they calculated the weight 
which, placed at the extremity of a lever, for example, should put it in equilibrium. If, then, it 
was necessary to move this weight, they either diminished it, or the length of the lever, until they 
attained the desired velocity. But to what point should the weight be diminished, or the velocity 
increased, that is to say, the velocity of the wheel, compared to the velocity of the current, to obtain 
the greatest effect ? As to this, they were in complete ignorance. 

Parent, of the Academy of Sciences in Paris, directed his attention to this object, and, after 
long researches, remarked that the increase of velocity should have a limit, beyond which the effect, 
in place of increasing, would go on decreasing ; and consequently that there was a maximum, the 
knowledge of which would be of great importance in the establishment of machines. He sought 
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for it. and pnbliBhed the result of his calcalations in a memoir, qnite remarkable for the period in 
which it was written. After having unfolded some new principles upon the action of grayitj* 
upon that of motors, and upon its measurement, ho shows that in a hvdraulic wheel establfehed on 
a current, the effort of the water against the floats is only due to the excess of its velocity over 
theirs ; and he makes it proportional to the square of this excess. He furthermore admits that it 
is equal to the weight of a prism which has for its base the part of the float struck by the fluid, 
and for its height the simple height due to the difference of these two velocities, so that we 



have £ = 62*455 



(Vj-j)» 
2^7 



V, In the case of maximum of effect, the variable factor (V— nVv, 



being differentiated and made equal to zero, gives r = \Y; that is to say, that for the greatest 
effect, the velocity of the floats shotUd be one-third that of the current. This value of v, substituted in 

the expression of the effort, changes it to 62*45«| ^— = ^ 64-45«A = | n, making 62*455 A = n ; 

thus the effort toiU be ^ of the weight of equilibrium n, employing the expression of Parent Multi- 
plying this effort by tne velocity, -^V, which answers to it, we have 62*45^5AY = ^PA; that is 
to say, that the dynamic effect of such a wheel will be -^ of the force of the current (** of the ncttural 
effect of the current,** in the words of the author). 

Such is the theory of Parent, regarded as a great step made in the science of mechanics, 
and, in fact, it was the flrst. It was adopted by all the savans of Europe, and applied to all 
wheels with floats. Nevertheless, Borda, in M^moires de I'Acaddmie des Sciences de Paris, 1767, 
showed that it could not be applied to wheels with floats established in a course ; that here all 
the particles which pass, with a velocity V, with a section t of fluid running in the course, arrive 
upon the wheels and impinge against them ; that their number or volume is 5 V, and their 

(62 •455 V \ 
^)l' 9404 5 V ; that, in the impulse, they lose V — « of velocity, and consequently 

I 9404 5 V (V — v) in Quantity of motion ; now, the quantity of motion lost by a fluid vein against 
a plate measures the lorce or effort of the impulse; thus the effort of the current against the 
floats will be l*9404 5y (Y^v). This theory of Borda, for wheels contained in a course, is 
universally admitted; it has been so in this article. It seems to us that it is applicable also to 
wheels moving in an indefinite fluid. Here, also, all the particles which pass with a velocity V, 
with a section s of current equal to that of the float, excepting some partial deviations, which we 
shall hereafter notice, arrive with an impulse; their volume is also sY ; and they lose, in the 
oollision, a quantity of motion expressed by I '94045 V (Y — v). 

For wheels established upon an indefinite water-course, as well as for those contained in a 
course, we have E = n I -9404.5 Y (Y — ») ©. The section 5 will be that of the vertical portion of 
the float which plunges in the water, and n will be a ooefficient comprising the corrections due to 
the deviations of the fluid fillets on their approaching the wheel, to the non-pressure at the back 
of the floats, &c 

The experiments of Bossnt, made upon a small wheel, afford ns this coefficient. It was 3* 198 ft. 
in diameter; it had twenty-four floats, 0*442 ft. in breadth, and plunging 0*354 ft. in a current 
having a velocity of 6 081 ft. By means of a cord, wound round its axle, it was made to raise 
weights, gradually increased, which naturally reduced more and more the velocities. These 
weights and their respective velocities are noted in the adjoining Table. It may be remarked that 
the passive resistances of the machine are not comprised in the weight />'; so that />' 9 represents 
only the useful effect, and not the total effect or force impressed upon the wheel. Consequently, 
the values of n, calculated by the formula p'v^n 1*94045Y (Y— v)v, will indicate too smell 
coefficients or ratios between the real and theoretic effect; and the coefficient, which was 0*84 for 
good velocities, would probably have been about 0*90, if regard had been paid, as it should have 
been, to the passive resistances. On the other hand, M. Poncelet, who made observations upon the 
wheels of some boat-mills establiriied upon the Rhine, at Lyons, and who has remarked that the 
theory of Borda expressed the results of experiments better than that of Parent, has only had 0*80 
for the coefficient. Takmg the mean term 0*85, we have E = 1 '6493 5 Y (Y - 0) 0. 
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We give, in the above Table, the coefficients derived from the formula of Parent They present 
morA variations, especially in the neighbourhood of the maximum^ than those of the formula of 
Borda ; which disposes ns to favour the latter. Furthermore, his coefficients are less than 1 ; the 
others, on the contrary, are greater. Now, in machines there are so manv causes of loss in the 
effect, causes which theory cannot take into account, that usually the results of calculation exoeed 
those of experiment, and consequently the coefficient of reduction must be a fraction. 

In tiie experiments above cited, the maximxan of effect corresponds to the velocity of 2*641 ft^ 
which is to that of Y, or to 6-081, as 0*434 is to 1 ; making, then, © = 0*434 Y, the above expres- 
sion of effect becomes 0*405 5 Y> (in ft. and lbs.); let us set it at •400«Y*» a vary simple value of 
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the total effect which this wheel can produce. This ia eqniyalent to * 4122 PA (considering that 
P = 62*455 Y, and A = 01553 V*). We have said (p. 1515) that the effect of wheels with floats, 
placed in a rectilinear course, was but 0*32 P A ; that of wheels moving in an indefinite water- 
course would be about a tiiird greater. But how much more considerable is the volume of water 
that has been used I 

Tlie paddle-wheels which steamboats carry on each of their sides, and which, like oars, produce 
a progressive movement, are also similar to these wheels. Consequently, the theory which we have 
given can be applied to them. The determination of their effect, however, becomes involved with 
a new velocity, that of the boat. Moreover, it requires the determination of two coefficients by 
experiment ; one, relative to the resistance of the boat ; the second regards the action of the fluid 
upon the wheels. They are placed in circumstances so different from those of boat-mills, that the 
coefficients determined for tne latter cannot serve for the former without verification and some 
modifications. M. Poncelet, it is true, has made some experiments, by means of the dynamometer, 
upon the effort exerted by the wheels of a boat made fjut in stagnant water : but these are not 
wheels of a boat in motion, and the experiments do not seem to us to be varied enough. 

Until we have some experiments entirely satisfactory, profiting by those for which we are already 
indebted to the philosopher just named, and applying here the theory of Parent, which leads to a 
more simple expression, we will give, but provisionally, for the expression of the dynamic effect of 
a steamboat, and consequently for the expression of the force required to be impressed on it, 



1142 8 h/^ + s) (± V T u)»; 



8 being the immersed section of midships of the boat, 8 the surface of that portion of the paddles 
which is immersed (that of two paddles supposed to be in a vertical position), V the velocity of 
the fluid, tt the absolute velocity of the boat. The upper signs refer to the case where the boat 
ascends, and the lower signs to that where it descends the stream. The expression just given 
shows that the moving force to be employed will be so much smaller, as the impelled surface of the 
paddles is greater. But the trouble from large wheels upon boats causes us to give these paddles 
a width but two or three times their height, which is from a third to a fourth of the radius. 

Wheels with Curved Floats. — Although undershot wheels with plane floats are not impressed 
with over a fourth or a fifth of the motive force applied to them, they have still some advantages, 
which lead to their frequent use ; their establishment, even when well made, is attended with 
small expense, and they may receive quite a great velocitv without any notable loss of their effect. 
H. Poncelet has undertaken, with a full preservation of these advantages, to avoid their enormous 
loss of force, and has accomplished his purpose in a most satisfactory manner by substituting curved 
floats for the plane. He gave a descnption of his important machine in a Memoir (for which a 

Erize was awarded by the Institute in 1825), to which ho afterwards made some additions, and which 
I in the hands of aU engaged upon hydraulic machines ; we shall confine ourselves to a succinct 
exposition of the theoretic principle of this wheel, and of the effect of which it is capable. 

Let us suppose a wheel with curved floats, and so disposed that when a float has arrived at the 
bottom of the wheel, the inferior element of its curvature is horizontal and its superior elements 
vertical. We will at flrst admit that it is in a state of rest, and that a fluid fillet, animated with 
a velocity V, arrives horizontally upon its inferior element. Continuing to advance, it will rise up 
along the curve ; during its elevation, gravity will by insensible degrees deprive it of its velocity Y ; 
and it will be entirely lost, conformably to the general laws of the ascent of heavy bodies, when it 
shall have attained the height '015536 Y*: then it will descend; it will rejoin the float if it 
had passed it ; it will follow it, pressing again upon it ; gravity, during its descent, will restore 
the velocity of which it had deprived it during the ascent, and it wiU quit the float with the 
velocity Y which it possessed on its arrival. 8uppose, now, that the wheel turns with the velo- 
city V at its periphery. As soon as the flllet, having always the velocity Y, attains the inferior 
element of the lowest float, it will have, relatively to it, the velocity Y — v; it is with this relative 
velocity that it commences advancing and ascending upon the curve ; it will rise nearly to the 
height '0155 ft. (Y— v)*; and after descending, and on quitting the inferior element, it will 
■ have then in relation to it the velocity Y — o. But this element moves itself with a velocitv « in 
a direction exactly opposite; consequently, the absolute velocity of the fluid at its issue will be 
V-t7-«=Y-2». Ifo = lY,it will beY-Y,or zero; that is to say, if the velocity of the 
wheel is half of that which the fluid had on its arrival, its absolute velocity on quitting the floats 
will be nothing. We have here, then, a motive current which experiences neither Bh<Mk nor loss 
of velocity the instant it joins the wheel, and which possesses none at the moment of quitting it ; 
it has then expended upon it all its motion and has communicated to it all its force; the two 
conditions for the production of the greatest possible effect, are thus fulfilled in the wheel of 
M. Poncelet, such as we have represented it. Thus, if P is always the weight of the fluid fur- 
nished by the current in 1", and Aj the height due to the velocity Y, the effect will be expressed 
by P Aj. 

But what is true for a simple fillet is no longer bo for a mass or sheet of water of a certain 
thickness. Its molecules strike the fioats, making an angle more or less great with the elements 
impressed, and so lose both velocity and force. This mass, at the moment of its quitting the floats, 
no longer moves in a direction exactly opposite to them. Moreover, as in all wheels which turn in 
a mill-course, a part of the motive water escapes, without exerting any useful action. So that the 
real effect will no longer be P A, ; it will be but a portion of it. 

M. Poncelet has also determined the amount of this portion, that is to say, the ratio between 
the effect really produced, and the force employed to produce it ; he has deduced it from many 
series of experiments. 

He flrst made use of a small model of a wheel, having a diameter of 1 '64 ft., and of the form 
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indicated in Fig. 2929; and he made thirteen series of ohservations analogous to those made by 
Smeaton upon a wheel with plane floats, p. 1515. We give in the following Table what relates to 
the determination of the mcuimum effect in eight of these series. 
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8 248 
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M. Poncelet also operated, on a larger scale, npon a wheel 11-745 ft. in diameter, comprising, 
between two circular plates like those of bucket-wheels, thirty floats 1 '246 ft. high in the direction 
of radius and 2-493 ft. wide. We give below the 
result of seven observations, remarking, 1st, that 
it was admitted, after some preliminary experi- 
ments, that the velocity V of the flmd on its 
arrival at the wheel was in the mean equal to 
the velocity due to the head A, and consequently 
that A| = A ; 2nd, that p' represents solely the 
weight really raised by the friction brake, by 
means of which the experiments were made ; thus 
p'viB only the usual effect ; while, in the preced- 
ing Table, p indudmg the passive resistances j> v 
was the dynamical effect. 

It will be observed, in these two Tables, that 
the small openings of the gate rendered an effect 
much less tzian the others. 

From these experiments and observations, H. 
Poncelet concludes, 

Ist. That the velocity of the wheel which gives 
the maximum of effect is 0*55 of the velocity of 
the current. It may, however, vary from 0-50 to 60 without notable disadvantage. 

2nd. That the dynamic effect is not below 75 PA for small falls with great openings of the 
gate, nor below 0-65 for small openings and great falls. 

Srd. That this same effect, oomparod to the entire force of the motor, or P H, will be 0*60 of it, 
and it may descend to 0*50 in very small openings. 
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For the cases usuallv presented in pnctice, and for wheels well arranged, with velocities which 
do not differ considerably from 0-55 of that of the current, we shall admit, having regard to the 
passive resistances £ = 0-75 P A and £ = 0-60 P U. 

We have seen (p. 1515) that, for wheels with plane floats, the numerical coefficients of these 
two expressions of tne dynamic effect were but 0-82 and 0-25; so that the effect of wheels with 
curved doats is more than doublb that of wheels with plane floats. This conclusion, to which 
we have arrived in such a manner as to oombme the experiments which have been made on both, 
would lead us, in good constructions, to avoid eutirely wneels with plane floats, and to use insteaa 
those with curved floats. 

We refer here to the Memoirs of M. Poncelet, for the rules to be followed in the establishment 
of wheels with curved floats, and we make here only a few observations upon their charaoterii»tio 
p:irt, the floats. 

1st. Their number should be double that which we have indicated for wheels with piano 
floats (p 1513). 

Their height in the direction of the radius, or the distance between the exterior and interior 
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olronmfetenoe nf the wheel, ihonld almiTa be more thaa a fourth of the effeotlTe fall ; we abonld 
give it t. third in faJla of 4 - 993 ft. ; and oae-holf ia those which are below this. 

Srd. The infetior element of the onrre, which we hsTe seen to make no atigle, or neul; none, 
with the exterior oirciunference, when the sheet of motive watei was extremely thin, will uuike mm 
of 21°, 30°. and, generally, greater micordinz as the sheet ia 
thicker. We give this element its proper direction, and to 
the floats the oiirve which they Bhoald have, by means of 
the following draft; from the point A, Fig. 2930, where the 
Borface of the ourtent B A meeta the exterior oironrnferenee^ 



describe the uo A E; it will fix the form of the floats. They 
shoold be made of narrow planka, united like the staves of 
"^ or of BJDgle large plouka cnrred by Are, or of ttiong 







4th. A little berond the Tertieal diameter of the wheel, 
we lower by a sudden step the floor of the t&il-raoe. so that 
the water may eiperienoe no obstacle ia fssninK 6om Iba 
floats; otherwise, the effect wonld be subjected to a oon- 
sidetable diminution. Thus, M. Poncelet, who, in the last experiment of the preceding Table, had 
p'v = 0-63 PA, with a stop of 0'9S4 fl„ had but 0-54 PA, the step being 0'262 ft. 

Id a place where the on irent presents a fall of 5'249ft., we wish to establish a mill for sawing 
timber, which ti to saw 129168 sq. fL per honr; that is, to make a oat 82809 fLvide and 
S9'371 ft. in length. The wheel, or prime mover. Is to have curved Scats, and it is required to 
indicate its diniensions, as well as the qaantity of water ueeessary to put and keep the mill in 
action. We know that a saw moved by a force eqaivalent to a horse-power, will saw, as a mean, 
53-820 iq. fV of timber in an hour; or, more Kenerally, that the sawing of 10-TG4si]. ft. is equal 
to a nsenil effect of &om 325615 to 434154 Ifaa. ft, aooording to the quality of the timber to be 
sawed. I.et us adopt, to prevent misconception, the last of these two numbers: the 129- 168 sq. fL 
to be Kwn in an honr, or 3600", will be equivalent to a useful effect of 1447-1 lbs. ft. a second. 
The resistanoe* of the oarriage, and of other parts of the machinery, will absorb nearly an equal 
quantltv of action; so that the dynamic effect to be produced will be 2894-3 lbs. ft. <= B). Upon 
a bll of 5-249 ft., we will take 0-4921 ft, for dispositions relating to the mill-oonrse, and 03937 ft. 
for half the opening of the gate; there will remain, then, for the head, but 4 '3632 ft. (= t). 
With these ntunerical values of Kand A, the fbrmulaE = 75 PA givesP = 8B4-7Ibs. By the 
formula E = 0'60PH, wa have 11056 lbs. We will adopt this last value, and, making a small 
increase, we will oount upon a consmnption of 15'893oub. ft. The head being 4'3632 ft., the 
velocitvdue to it will be 16-758. For, '95 of this or for the velocity of the fluid in the eoarse upon 
ita amvalattbewhcel, we shall have 15-92 ft.; the wheel will take nearly '55 of this: thus the 
velocity at its periphery will be 8'756 ft. It corresponds to the meohaniam adopted, to have the 
wheels make eight turns per minute. Ccnsequently, we give it a diameter of 21 '325S ft. ; the 
floats, in number sixty-eight, will bo I '968 ft. deep, in the £rection of Ihe radius, aod their breadth 
between the shroudings 2 ' 296 ft It may be obara-ved, iu relation to this last diimension, that tlie 
thickness of the sheet of water in the oonrse having to be nearly 0-5249 fL, it would be proper to 
give It a width above the wheel of 1-9027 ft. ( = Y^7^T^ — T^olq)- Bee Babkek'b Hni. Babkage. 
Boiled, p. 423. Canal. Daukino. Htdbacucs. Ovebshot Wateb-whbkls. PoKOiLFr's Wateb- 
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FLOORING. Fx^ Par^vei, Carrtlw/e, Tahligr ; Geb., Fus^xdm; ItKL., Patimf»lo; BfUI., PIto. 

Floor {Iforelaad'i), Fig. 2931.— Eichard Morelnud and Son's method of Constructing flooring 
emiBists in fixing wrougbt-iron girders at given distances apart on the walls of buildings, and thpu 
placing between tbem on their lower flanges a number of wrought-iron bow and string lattice 
girders; and on the upper or curved surface of these laying corru"aled iron throughout the floor. 
Concrete is then laid on the oormgsted iron to the desireil form sud thickness, and sleepers, joista, 
and floor-boards may then be laid on the concrete in the ordinary manner. The coiling joists are 
notched, or otherwiso fliod on the lower port of the lattice girder, and are lathed and plastered in 
the usual way. 



Long as well as short spans may be constructed on this system without the inlerventioa of main 
girders, as the wroiuht-fnin girders ore made of gre^t depth ; they are kept close to both floor- 
boards and ceiling, derebj ensuring gre«t rigidity and strength wiui little material. The angle- 
, — J ijj oMMtTDotinjr this toor being invariably nsed in one length throughout, and the 



I emploved ii 

taaecurtng th 



made very rigid, so that they deflect ont little when loaded. 
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The air-spaoe, which is included between the under-Bide of the oorrngated iron and the ceiling, 
being a non-conductor of sound and also of heat, renders the floor sound-proof and safe under the 
action of fire, either from above or below the flooring. This air-space nuiv be used for ventilating 
rooms by having suitable apertures provided in the ceiling to connect this spaoe to special flues 
enclosed in the walls of the ouilding. The air-space may also be used for warming purposes, pro- 
vided the ceiling is specially constructed for this purpose. 

The concrete laid on the corrugated iron forms a natural arch, and is prevented from exercising 
much lateral thrust by reason of the bow and string lattice girders with the corrugated iron acting 
as apermanent centring to the arch. 

FLUE. Fb., CameauXf THjfau de chemm^e ; GxB., Feuerzug^ Bauchgug; Ital., Condotto ddlfumo; 
Span., Conducio de htuno, 

A fliAe is an air-passage ; especially one for conveying smoke and flame from a fire. A fiue is 
also a vertical division or compartment of a chimney. A steam-boiler fiue is a passage surrounded 
by water, for the gaseous products of combustion, in distinction from tubes which hold water, and 
are surrounded by fire. Small fiue$ are called fiue-tuKxa. See Boileb. Chimnet. Ventilation. 

FLUME. Fb., Biex^ Canai d^^duse ; Geb., Muhlengerinne ; Ital., Oora; Bpan., Saetin, 

A stream; especially a passage or channel for the water that drives a mill-wheel; or an 
artificial channel of water for gold washing. Bee Ovebshot Wateb-wheel& Tubbinb Wateb- 

WHEELS. 

FLY-WHEEL. Fb., Volant; Geb., Schtoungrad; Ital., Volattda; Span., VolcoUc. 
Bee Algebbaio Signs. Angijlab Motion. Engines, Vanetiea of. 

FOLDING AND MEASURING MACHINE. Fb., MacMne h piunr; Geb., Falgmaadum; 
Ital., Macchina dapiegare e misurar panno f Span^ Mdqwna deplegar y medir» 
, See Measubing and Folding. 

FORGE. Fb., Force; Geb., Kraft; Ital., Forza; Span., Fuerza. 

Bee Accelebatiqn. Anemomxteb. Angulab Motion. Dtnamomitbb. Dtnamombteb Cab. 

GCNNEBT. 

FORGE. Fb., Forge; Geb., Esse; Ital., Fuctna; Span., Fragua, 

A forge is an establishment where iron or other metals are wrousht by heating and hammering * 
a smithy, a shop with its furnace, whero iron and steel ara heated and wrought . also, the plaice 
where iron is rondered malleable by puddling and shingling^ is termed a forge. 

Fig. 2932 gives the arrangement of a fan-forge employed at Gwynne and Ca's Works, Essex 
Street, Strand. 

This forge. Fig. 2932, is entirely cooutructed of iron. 

2933. 




represents the hearth, in one casting, with the ooal, shown on the right-hand side, so as to be 
within easy reach of the smith. 

B is the bonnett, made of stout sheet iron, which connects immediately to the chimney E. 

F represents one of Gwynne's improved fan-blowers, which is driven at about 1200 rovolutions 
per minute, and sends the blast through the stand-pipe G, in which is the regulating valve; on 
the end of this pipe is the tuyere-iron JL which is fea by cold water from the small tank H, which 
is connected by the pipes, as shown, and which keeps up a continual ciroulation. The cold water 
enables the nose of we tuyere to last considerably longer than if not used. 

For forging small round short rods, or keys, no tools aro required except the ordinary fire-irons 
and the hand3iammer, tong& and anvil-chisel, in the anvil, shown by Figs. 2938 to 2935. 

The pin should be fomd to the proper diameter, and also the ragged piece cut off the small 
end. by means of the anvil-chisel, shown by Fig. 2985, while the work is still attached to the rod 
of steel from which it is made. After having cut and rounded the small end, it is proper to cnt 
the key from tlie rod of steel, allowing a short piece to be drawn down to make the holder, by 
which to hold it in the lathe. This holder is drawn down by the ftiUer, and afterwards by the 
hammer. The fuller is first applied to the spot that marks the required leneth of key ; the fuller 
Is then driven in by the liAfnmttWT»^in |o the required diameter of the holder, the bottom fuller 
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being in the aquare hole of the anvil during the hammering prooeas, and the work between the top 
and bottom fullers. During the hammering, the forger rotates the key, in order to make the gap 
of equal or uniform depth ; the lump which remains is then drawn down by the hammers, or by the 
hand-hammer only, if a small pin is being made. If the pin is very small, it is more oonveniv nt to 
draw down the small lump by means of the set-hammer and the hammerman. The set-hammer 
is shown in Fig. 2939 ; and the top and bottom fullers by Fig. 2940 
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The double or alternate hammering by forger and hammerman should at first be eently done, 
to avoid danger to the arm through not holcSng the work level on the anvil. The hammerman 
should first begin, and strike at the rate of one blow a second ; after a few blows the smith begins, 
and both hammer the work at times, and other times the anviL 

Figs. 2936, 2937, show the top and bottom roundlng-tools, for rounding large keys. Large keys 
piay be made without rounding-tools by rounding the work with a hand-hanmier, and cutting off 
the pin by the anvil-chisel, instead of the rod-chisel. Fig. 2938. The rod-chisel is so named 
because the handle by which the chisel is held is an ash rod or stick, see Fig. 2936. A rod-chisel 
is tliin for cutting hot iron, and thick for cutting cold iron. Fig. 2935 represents the anvil-chisel 
in the square hole of the anvil. By placing the steel while at a yellow heat upon the edge of the 
chisel, a small key can be easily out off by a few blows of a hammer upon the top of the work. 

To forge a key with a head involves more labour than making a straight one. There are three 
principal modes of proceeding, which include drawing down with the fuller and hammer; upset- 
ting one end of the iron or steel ; and doubling one end of a bar to form the head. 

For proceeding bv drawing down, a rod or bar of steel is required, whose diameter is equal to 
the thickness of the head required ; consequently, large keys should not be made by drawing down 
unless steam-hammers can be used. Small keys should be drawn to size while attached to the bar 
from which they are made ; the drawing is oommenced by the fuller and set-hammer. Instead of 
placing the work upon the bottom fuller in the anvU, as shown for forging a key without a head, 
the steel is placed upon the face of the anvil, and the top fuller only is used, if the key rcKjuired is 
laree enough to need much hammering; but a very small key can be drawn down by dispensing 
witn the top fuller and placing the bottom fuller in the hole, and placing the work upon the top, 
and then striking on one side only, instead of rotating the bar or rod by the hand. By nolding the 
bar or rod in one position, the |iead is formed upon the under-side of the h^; and by turning the 
work upside down, and drawing down the lump, the stem is produced. 

The upsetting of iron generallv should be aone at the welding heat, the upsetting of steel, at 
the yellow heat, except in some kinds of good steel, that will allow the welding heat. And both 
iron and steel require cooling at the extremity, to prevent the hammer spreading the end without 
upsetting the portion next to it. If the head of the key is to be lan^e, several heats and ooolings 
must take place, which renders the process only applicable to small work. A small bar oan be 
easily upset by heating to a white heat or welaing heat, and cooling a quarter of an inch of the 
end : then immediately put the bar to the groimd with the hot portion upwards, the bar leaning 
against the anvil, and held by the tongs (Fig. 2941). The end is then upset, and the extremity 
cooled again after being heated for another upsetting, and so on until the required diameter is 
attaineil. AVhen a number of bars are to be upset in this manner, it is necessary to provide an 



iroD box, into which to pl&oe the ends of the hm, iDstead of opon tbe soft gronsd <a vood SooriDg, 
in jury to the Sooi beine therebj preventml. 

When the key-head is lufilcieiitly upset, the fuller utd let-hMniner ere neceMuy lo make b 
proper shoalder; the item It then dmwn foni-sided and rounded hy tbe ^ top tmd bottom tools. 
If the bar from vbich tbe key to being made a not 1aTfi;e enough to allow beiog made four-aided, 
eight aidei abonld be formed, which will taad to close the groin and make a good key. 




The tliird method of making keys with heads is the quickest of tbe three, portionlarly for 
making keys by tbe Bteom-hammer. By its powerful aid we are able to use a bar of irou an inch 
larger than the reqoired item, becsose it is neceeaary to have sufficient metal iu order to allow 
hammering enough to make it close and hard, and also welding, if seamy. If the bar from which 
it is to be made is too large to be easily handled wilhont the crane, the pieoe is cut from the bar 
at the firet heat. But if tbe bar is small, it can be held up at any required beiglit b; the prop, 
shown in Fig. 2942. While thus supporlcd, the piece to be doubled to make tbe bead is oat three- 
quarters of the distance through the iron, at ajiropcr distance from the extremity. The piece is 
tnen bent in the direction tending to break it off: tnc nnont portion being of sufficient thickness 
to prevent it breaking, will allow the two to be placed together and welded in that relation. A 
bole may also be punched through the two, while at a wuldiog heat, as shown by Fig. 2943. Tbe 
bole admits a pin or rivet of iron, which is driven into the opening, and the three welded together. 
This plan is resorted to for prodacing a strong head to the key without much welding; bnt for 
ordinary purposes it Is much safer to weld the iron when doubled, without any rivet, if a sufficient 
number of heavy blows can be administered. At the time tbe bead is welded, tbe shoulder should 
be tolerably squared by the set-bammer; and the part next to the shoulder is then fullered to 
Hbonl three-quartera of the distance to the diameter of stem required. In large work tbe fuller 
used for this purpose shonld be brood, as in Fig. 2914. After the head is welded, and the portion 
next to it drawn down by the fuller, the piece of work is cut from tbe bat or rod, and the head U 
fixed in a pair of tongs similar to Fig. 2915. Sueh tongs are useful for Tciy small work, and are 




mide of large size for beAVV work. Tongs of this character are suited to both angular and ciroular 
work. They will grip either the head or tbe stem, as shown in the figure. While held by the 
tongs tbe thick lump of the stem that remains to welded, if necessary. Next draw the stem to its 
proper shape, and tnm the head to whatever shape to required. 

Bolt>, — Bolts are made in such immense numbers, tbst a variety of macbinerr exists for pro- 
ducing small bcdts by compression of the iron while hot iulo dies. But tbe machinery u not yet 
adapted to forge goM bolts of large sice, such as are daily required for general engine-making. 
Good bolts of la^e diameters can now be made by steam-hunmen at a quick rate ; and small bolts 
of good ouality are made in an economical and expediltonsmaunerby means of instruments named 
bolt-beudcrs. There to a variety of these tools in use, and some are valuable to sniall mannfao- 
turera beranee of being e«sily made, and incurring but little expense. The use of a bolt-header 
oonstots in upsetting a portion of a straight piece of iron to form tbe bolt-head, instead of drawing 
down or reducing a larger piece to form the bolt-stem, which is a mach longer process; conse- 
quently, the bolt-header is valuable in proixjriion to its capability of upsetting bolt-heads of 
- — '--IS sizes for bolts of different diameters and lengths. 



The iimpleat kind of beading-tool to held upon the anvil by the left hand of the smith, while 
tbe piece to be formed into ft head is hammered into a .-->.-.-' •>.. -i — ,„f.i..<-i — i^ 



» in the tool, the shape of the Intcoded 
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head. Three or four recesses may be drilled into the same tool, to admit three or four sizes of 
bolt-heads. Such a tool is represented by Fig. 2947, and is made either entirely of steel, or with 
a steel £aoe, in which are bored the recesses of different shapes and sizes. 

2946. 294T. 2948. 






The pieces of iron to be formed into bolts are named bolt-pieces. When these pieces are of 
small diameter or thickness, they are cut to a proper length while cold by means of a concave anvil- 
chisel and stop, or by a large shearing machine. One end of each piece is then slightly tapered 
while cold by the hand-hammer. Fig. 2933. or a top-tool. This short bevel or taper portion allows 
the bolt to bie driven in and out of the heaaing-tool several times without making sufficient ragged 
edge to stop the bolt in the hole while being driven out. Those ends that are not bevelled are 
then heated to about welding heat, and upset upon the anvil or upon a cast-iron block, on, or level 
with, the ground. This upsetting is continued until the smaller parts or stems will remain at a 
proper distance through the tool ; after which, each head is shaped by being hammered into the 
recess. During the iuiaping process, the stem of the bolt protrudes through the square hole in 
the anvil, as indicated by Fig. 2947. 

But when a large number of small bolts are required in a short time, a larger kind of heading- 
tool is made use of, which is named bolt-header. One of these, Fig. 2948, is a jointed bolt-header. 
The actual height of these headers depends upon the length of bolts to be made, because the pieces 
of which the bolts are formed are out of a suitable length to make the bolts the proper length after 
the heads are unset ; consequently, bolt-headers are made 2 or 3 ft. in height, that they may be 
generallv useful. 

The header represented by Fig. 2948 contains a movable block B, upon which rests one end 
of a bolt-piece to be upset ; it is therefore necessary to raise or lower the block to suit various 
lengths of bolts. 

All bolts, large and small, that are to be turned in a lathe require the two extremities to be at 
right angles to the length of the bolt, to avoid waste of time in centring previous to the turning 
process ; and connecting-rod bolts and main-shaft bolts require softening, which makes them less 
liable to break in a sudden manner ; and it is important to remember that hammering a bolt while 
cold will make it brittle and unsafe, although the bolt may contain more iron than would be suffi- 
cient if the bolt were soft. Great solidity in a bolt is only necessary in that portion of it which is 
to bo formed into a screw. The bolt is less liable to break if all the other parts are fibrous, and the 
lengths of the fibres are parallel to the bolt's length. But in the screw, more solidity is necessary, 
to prevent breaking off while the bolt is being screwed, or while in use. However good the iron 
may be, the bolt is useless if the screw is unsound ; and it is well to apply a pair of angular-gap 
tools. Fig. 2964, to the bolt-end while at welding heat. 

Bolts of all kinds, large and small, are injured by the iron being overheated, which makes it 
rotten and hard, and renders it necessary to cut off the burnt portion, if the bolt is large enough; 
if not, a new one should be made in place of the burnt one. 

Long bolts that require the lathe process are carefully straightened. This is conveniently 
effected by means of a strong lathe, wnich is placed in the smithy for the purpose. Long bolts 
are also straightened in the smithy by means oi a long straight-edge, which is applied to the bolt- 
stem to indicate the hollow or concave side of the stem. This concave side is that which is placed 
next to the anvil-top, and the upper side of the bolt is then driven down by applying a curved top- 
tool and striking with a sledge-nammer. This mode is only available with bolts not exceeding 2 or 
S in. diameter and of length convenient for the anvil, because in some cases bolts require straight- 
ening or rectifying in two or more places along the stems. If a bolt 6 ft. in lengtn is bent 1 ft. 
from one end, the oent portion is placed upon an anvil, while the longer portion is supported by a 
crane, and a top-tool is applied to the convex part. The raising of the bolt-end to any required 
height is effected by rotating a screw which raises a pulley, upon which is an endless chain ; the 
work being supported by the chain, both chain and work are raised at one time. It is necessary 
to adjust the work to the proper height while being straightened ; if not, the hammering will pro- 
duce but little good effect. The amount of straightening necessary depends upon the diameters 
to which the bolts are forged, and also upon their near approach to parallelism. A small bolt not 
exceeding 1} in. in diameter need not be forged more than a tepth of an inch larger than the 
finished diameter ; a bolt about 2 in. diameter, only an eighth larger ; and for bolts 4 or 5 in. in 
diameter and 4 or 5 ft. in length, a Quarter of an inch for turning is sufficient, if the bolts are pro- 
perly straightened and in tolerable shape. This straightening and shaping of an ordinary bolt ia 
easily accomplished while hot, by the method just mentioned ; other straightening processes, for 
work of more complicated character, will be ^iven as we proceed. 

After the bolts are made sufficiently straight by a top-tool, the softening is effected bv a treat- 
ment similar to that adopted for softening steel, which consLsts in heating the bolts to redness and 
burying them in coke or cinders till cold. A little care is necessary while heating the bolts to 
prevent them being bent by the blast. To avoid this result, the blast is gently administered and 
tho bolt frequently rotated and moved about in the fire. 

Nuts. — The simplest method of making small nuts is by punching with a small punch that is 
held in the left hand ; this punch is driven through a bar near one end of it, which is placed upon 
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ft bolster on the anvO, while the other end of the bar is supported by a screw-prop. This mode is 
adapted to a small maker whose means may be very limited. By supporting the bar or nuts in 
this manner, it is possible for a smith to work without a hammerman. A bar of soft iron is pro- 
vided, and the quantity of iron that is required for each nut is marked along the bar by means of 
a pencil, and a chisel is driven into the bar at the pencil-marks while the bar is cold. A punch is 
then driven through while the iron is at a white heat. Each nut is then cut from the bar by an 
anvil-chisel, and afterwards finished separately while on a nut-mandrel. The bar on the bolster is 
shown by Fig. 2952. 

A more economical method ia by punching with a rod-punch, which is driven through by a 
sledge-hammer. By this means several nuts are punched at one heating of the bar, and also cut 
from tho bar at the same heat. A eood durable nut is that in which the hole is made at right 
angles to the layers or plateb of which the nut is composed. Some kinds of good nut iron are con- 
demned because of these plates, which separate when a punch is driven between them instead of 
through them. By punching through the plates at right angles to the faces of the intended nuts, 
the iron is not opened or separated, and scturfing is avoided. Nuts that have a Bouf-ead in the 
hole reauire boring, that tho hole may be rendered fit for screwing ; but nuts that are properly 
puncbea may be finished upon a nui-mandrel to a suitable diameter for the screw required. Nuts 
for bolts not exceeding 2J or 3 in. diameter can be forced with the openings or holes of proper 
diameter fbr screwing oy a tap. The precise diameter is necessary in such cases, and is attained 
by the smith nnishing each nut upon a nut-mandrel of steel, which is carefully turned to its shape 
and diameter by a lathe. The mandrel is taper and curved at the end, to allow the nut to fall 
easily from the mandrel while being driven off. Such nut-mandrels become smaller by use, and it 
is well to keep a standard gauge of some kind by which to measure the nuts after being forged. 
The best kind of nut-mandrel is made of one piece of steel, instead of welding a collar of steel to a 
bar of iron, which is sometimes done. 

One punch and one nut-mandrel are sufficient for nuts of small dimensions, but large ones 
require drifting after being punched and previous to being placed upon a nut-mandrel. The drift- 
ing is continual until the nolo is of the same diameter as tne mandrel upon which the nut is to be 
finished. The nut is then placed on, and the hole is adjusted to the mandrei without driving tho 
mandrel into the nut, which would involve a small amount of wear and tear that may be avoided. 
A good steeLnut-mandrel, with careful usage, will continue serviceable, without repair, for several 
thousands of nuts. 

The holes of all nuts require to be at right angles to the two sides named iaoes ; one of these 
faces is brought into contact and bears upon the work while the nut is being fixed; consequently, 
it is necessary to devote oonsiderable attention to the forging, that the turning and shaping pro* 
cesses may be as much as possible facilitated. If the two finoes of the nut are tolerably near to a 
right angle with the hole, and the other aides of the nut parallel to the hole, the nut may be forged 
much nearer to the finished dimensions than if it were roughly made or malformed. 

To rectify a nut whose faces are not perpendicular to the opening, the two prominent comera 
or angles are placed upon an anvil to receive the hammer, as indicated in Fig. 2953. By placing 
a nut while at a yellow heat in this position, the two comers are changed to two flats, and the faces 
become at the same time perpendicular to the opening ; the nut is then reduced to Uie dimensions 
desired. If the nut ia too long, and the sides ofit are parallel to the opening, the better plan is to 
cut the prominences from the two faces by means of a trimming chisel. Fig. 2946, insteaa of recti- 
fying the nut by hammering. Cutting off scrap-pieces while hot with a properly-shaped chisel of 
this kind, is a much quicker process than cutting off in a lathe. 

Small connecting-bolts, not more than 2 or 3 in. in diameter, are made in an economical manner 
by drawing down the steins by a steam-hammer. Those who have not a steam-hammer will find 
it convenient to make a collar to be welded on a stem, in order to form a head, as shown by 
Fig. 2949. After being welded the head may be made circular or hexagonal, as required. The 
tool for shaping hexagonal heads is indicated by Fig. 2951. Such an apparatus may be adapted 
to a number of different sizes by fixing the sliding part of the tool at any required place along the 
top of the block, in order to shape heads of sevmi different diameters, llie movable or sliding 
block is denoted in the figure by 8. 

3949. 2960. 2951. ^^^ 






2963. 2964. 

2996. 






2966. 





7*ofi^s.~FIg. 2954 shows a curved-gap tongs, Fig. 2955 a bar-tongs^ and Fig. 2956 a side-grip 
tongs. 
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The porUblo forge, FigB. 2957, 295(L oontriTod by SchaUer, of Vieniw, la weU BoJtod for mOltuj 
Mrrioe It oonsiEtB of a box mude of thin Iron platM, 19 in. Bqusre Mid 9 in. high when cIoMd. •■ 
sbown in Fig. 2957. Within thU box the bellowi, legs, and all tho took, shown in Fig. 2958, ara 
enclosed, and can be traiup(»ted in a veiy convenient inumer. The impMking and letting np of 



tbia forge when wanted can be effected In ft few mlnotai, aa all the parts are well made and fit 
together with flrmnera and aconmof , and there is no oomplexitj in the siraneement. Schaller hai 
deliTered upwards of 20Q of these fdrgaa to the Auabinn army. This forge has been mnoh 
employed in France and Belgiom. 

FOBQINO, Maohinihi roB. Fb., tfacMwi h firgBr; On., JfoKbiim nnt Sehmitdm ; Ital., 
MaccMaa da fucinare ; Spam., Maqitinaria it far jar. 

Machinery for Heavy Forging. — ^ William Claj, of LlTBipool, has deeigiied maohinery, Figi. 2959 
to 2964, well adapted to that class of foi^ng known as hea^ ftwging, tba object aai^ht being to 
enanre lonnd fbrglngs, which it Is very diffionlt to obtain whm mannfactoring balky articles, the 
thickness of the metal in which greatly and suddenly varies. In mannfnctnring, for ezampls, 

' ~ * ■ lotion of the diso with the shafi wUl 

hich greatly detmct from the strength 
solidity throD^honl the metal of Ism 



of the same; Pig. 296 . .._. _ , .. . 

the direction of tLe arrow ; and Fig. 2962 is a transverae section token in the same line, but look- 
ing in an opposite direction, A A is the bed of the machine formed in one casting. To one end 
of this bed the steam-cylinder B is bolted, and to the other is secured a block C for reoeivingonita 
face the anvil D. The face of this anvil is shaped to correspond to the form the end of the shaft 
is intended to receive by its lateral eipaosion ; and iu order to allow of the anvil being changed to 
suit different sizes or kinds of work, it is made to fit into V'a formed on the face of the blook C. 
The anvil is (J-sbaped, as shown at Fig. 2962, and the block has a correAponding vertical hollow 
to enable it to receive Uie heated aban that is intended to be brought under the action of the 
hammer. To facilitate the tuiuing of the ^ft on the anvil the block O is fitted with antifriction 
rollers ccc which support the eliaft when it is presented ti> Ibo hammer, Ya is the piston of the 
cylinder B, fltted to a cylindriCHl trunk E', which carries at its other end the hammer-lilock. 

Fitted centrally in the face of this block is a conical piece G', which fonne the striking part of 
the hammer ; its object ia to form a cavity in the end of the shaft, and thus by reducing the thick- 
ness of the metal at that part to remove Uio liability of flssnros occurring in the farj^g. H is the 
slide-valve, the rod A of which extends through the opposite ends of the valve-boi. At its rear 
end this rod is formed Into a link to receive a tarn A„ which is keyed to a croea-shaft A*. This shaft 
locks in bearings on the top of the oylimlcr I), anditisfitted withahandle,by taiUDgor depreasinK 
which the atteudant is enabled to operate the valve, and thus regulate the adnnoe uid retrograd* 
ta of the hammer at pleaauie. 
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To pnTent the riak of damaga to the iimohmoi7 horn inattention tha valro-Tod U jointed at It* 
fhmt eud to the arm of a rook-shaft A* moimted in bracket bearings at the front of the cylinder B, 
and fitted with a pendent arm A' carrying an antifriction bowl. In a line vith this bowl on the 
bammer-heod is mled an adjnstable slop tfi, which as the piston ia nearing its baok-atroke will 
stnke the bowl of the arm A< and rock the shaft A*. This motion of tha rock-ihaft will, by resaun 
of its connection with the valve-rod, oaoae tha valve to advance and cut off tha anpply of itesm to 
the eylioder, while at the same time it will stop the escape of the exhaunt steam, and thiu ptoridfl 
an elaetio oiuliion for the piatoD to strike againat 




D=! 



An incidental advantage derivable from making the ojlin- 
drical trunk E' of the large diameter indicated in the engnv- 
ing Is that it will allow of but a small amount of steam being 
ueed in the retam stroke of the piston, while a powerful pro- / 
pelling forcema; be used foritsadvanoe. The bammei-head ] 
IS fitted with a patrofV-sroovedvheeU I, which turn freely ^ 
on a fixed aile that passes thiongh the hammer-head. These 
wheels are intcndod to carry the weight and facilitate the 

traverse of the hammer, and for this pmpose tber run upon and between angular mils K V, 
which oonetituta also tie-rods foi eonuDCting tha oylinder B and blocks C togetbJer, and enabling 
the machine the better to resist the strain to which it is subjected. The lower rails E serre •• 
ttBck-raila for the travene to and &o of the hammer, and the upper rails K> ssaist in steadying tha 
wheels on the track-rails. 

In order to form a head or enlargement on a shaft by this maahine. Clay first takes a shaft 
foiged in any approved manner, and pUcs the end wiUi pieces of wronght iron, after the manner 
indicated. Fig. 2963, so as to approximate loughlj to the shape deaired. T^e piled end of the shaft 
is next brought to a welding heat in a furnace and the pifces reduced to a solid mas« in the nsoal 
way, whereby a shaft-head ia obtained like that shown. Fig, 29G4. Having thus prepared the shaR- 
forging, inst«ad of finishing it in the ordinary way It is submitted to the action of the forging 
machine we have deecribcd, previously reheating the shaft, if that is required, to enable the 
machine to act efficiently upon it. The heated shaft is placed with its head oppotita the hammer^ 
head, as thown, Fig, 2960, in the blook or rest C, furnished with antifriction roUera e e for facili- 
tating the turning of the shaft when t^nired. The bead of the abaft oveilies the anvil which 
forms the face of the block C, and the hammer by reason of its shape wilt, in delivering its blows, 
form a conical hollow in the heed of the shaft, and thereby to a oonaiderable extent reduce the 
bulk and equalize the thickness of the metal at the centre or the junction of the bead with the 
shaft. By turning the shaft from time to time on its axis as the operation proceeds its head will be 
rednoed under the blows of the hammer to a tegular figure, requiring comparatively little turning 
to fioiih it. This mode of forging thick portions hollow also ensures a more equable oontraetioQ oT 



mtreof the head by the application OT a jet 
<Ff water. By ttius causing the metal to shrink towards the interior instead of the exterior tha 
oliief difficulty of obtaining sound forgings will be removed. 

Figs. 2965 to 2971 are given to illustrate the method and machinery osed for the manofactare 
of wrought-iron railway wheel centres by the stamping prooeas of Aibel, at the Phcenis Iron-works, 
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Kided hj four wiDnglii'iion goide-lian, A A, the top ends oT wtiioh Bra keyed into the cylinder 
w, and the lower wada bolted to the oices-tinibers U B. 

Fig. 2966 it * aeotiou of the nlres. 

The pUlon-nd i« forged aoUd with (be pistan. Fig. 2967 sbowi themodeof oonnectingit with 
the hfunmer-head. 'Ito lower otd of the tod is turned eonically ; dod round it is placed the steel 
buHh C, in two pnrtB. The luge vmnght-iioii key a dnwu aguDBt the end of the rod, to tighten 
the rod ioto the hammer-bend. 

Fig. 296S ia a perepeotiTe view of (he dies used, the top one being keyed into the hammer-head, 
and thje bottom one keyed into the envil. 

Fig. 2969 ia a perapectiveviewof awheel-oentre when stamped, the run, ipokei, and nave being 
ronnded so bb to leave the diea. 

Pig. 2970 ihows the method of piling the material for ft wbeel-oentre before being placed into 
the furnace. The Bpobes D are placed maide the rim E, with their inner ends enveloped between 
two Dare washers P, the waihen haTing indents stamped into them to receive the spokes. 

Fig. 2971 showH the tonga used for lifting the material into an ordinary reverbraatory fhmaee. 
When the material ia raised to a welding heat it ia again grasped by the tmigB, and placed betwoen 
the dies in the hamtaer, and welded with a few blows of the hammer into one solid piece. The 
tongs are supported on a Mrriage, which runs on rails from the furnace to (he hammer. 

Bee AirviL. Bellows. Fchmace. Uasd-Tools, Iboh. PcDDUHa. BHiNSUMa. Btum- 
HlHNEB. Tiir. Weldiko. 

FORTIFICATION. Fa., Ibrlifoatim ; Osb^ Stftttigvugt oder Fettrntamm-k; Ital, Fortifica- 
none ; Span., Forlijicacioit. 

Abattii, see p. 4. 

Bangmlti. — A little raised way or foot-bank nnnlng aJoDg the Inaido of a parapet, on which 
the mnaketeent stand to flie upon the enemy in the ditch or 
in front of it.- »»"■ 

£ariir(Je.— Arnonndof earthfOnwhicbgnnsaremotmted g, 

to Are over the top of the parB[«t. ». ''- 

Baition. — A part of the main enolcenre which projects 
towards the exterior, consisting of the faces and flanks. 
Two adjaceot bastions are connected by the curTain, which 
joins the flank of one with the adjacent flank of the other. 
The distance between the flanks of a bastion is called the 
gorge. In Fig. 2972, A is the bastion; a, curtain angle; 
b, ibonlder angle; c, salient angle; a, a, gorge; a, 6, flaiik- 
a, d, onrtaia; b, c, face. I 

Berme.—A narrow ipace, twn, three, or more feet wide, 
loft at the foot of the exterior slope of the ponpet to retain 
earth that may elide down the bank. 

BlockJumte. — An ediSce or atroctore of heavy timber or ki^ for military defence, having its 
sides loop-holed for mnsketry. The sides and ends are sometimes much like a stockade, and the 
top ooTcred with earth, as in Fig. 2973; 
there may also be a ditch round it. '"^ 

trench, leading to a mngazine or any par- '^'^''ISi^^^^'^ ^^MI^t/m^^m lli^^SKS^^'/^^^^ 
ticulnr point. They are generally called ^^ A(Cv^^^^^ ^" " " ^"^^^A^ 

"tvattteori. — A low parapet for defence. 

Bridge-head. — A fortiflcation covering the extremity of a bridge nearest the enemy. 

Brimre. — Any part of a rampart or pnmpet which deviates from the general direction 

Caponniire.—A work plaoed in a ditoh for its defence by fire-arms, the defenders beiup eovered 
on the sides and sometimes overhead. If on the side only, it is single ; if overhead, it is double 
The work often serves as n covered passngc-nny across the ditch. 

Caumate. — A bomb-proof chamlxir, iu which cannon may be placed to be firtd through embra- 
sures ; or enable of bsin^ nsed as a magazine, or for quartering 
troops. A , D, Fig. 2974, u a section through a casemate ; a gun "'*■ 

at B would fire throngh the embrasure in the wall; a gan at C 
would fire en bnrbetlc, or over the parapet. D ia the parapet ; 
E the tcerp wall, the outer face of wntoh is the loarp. a b, terrt- 
plein. 

C*CToiix-is-fiw.- Pieces of timber tiAversed with wooden 
spikes, pointed with iron, 5 or 6 ft, long, need to defend a passage, 
■top a breach, or make a retrenchment to stop cavalry. . 

Counterfort, — A bnttresa, spur, or pillar, serving to support a ' 
wall or terrace. 

Counter-mdne, — A gallery nQdcrgroimd, so oonstnicted as to facilitate the formation of mines by 
which those of tho enemy may be reached and deatroyed. 

CanKUnoarp. — The exterior slope of the ditch. 

CoBtred teay. — A teonre road of eommnnieation nil round a fort, ontside the ditch, luiving n 
haaqMtti, Aom which a grazing fire of musketry can lie brought upon the gtadi. 

Cr^maSlirt. — A horiiontal outline, whioh Is indented or cigiagged. 

0*rt.— The top line of a slope. 
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DMii, — ^The Tolume of earth excavated to form the remblai. 

Demi-^Hxstion, — ^A half bastion, or that part of a bastion cut off by the capital, conflisting of one 
face and one front 

Dmu-lune, — ^A work oonstmcted beyond the main ditch of a fortress, and in front of the curtain, 
between two bastions, intended to defend the curtain ; a ravelin. 

Etr^lmuwre, — ^An opening in a wall or parapet, through which cannon are pointed and dis- 
charged. 

Enceinte, — ^The main enclosure ; the wall or rampart which sunounds a place, sometimes com- 
posed of bastions and cnrtains ; called also body of the place, 

Envelope^ or Envelop, — ^A mound of earth raised to cover some weak part of the works. 

EpauUment, — A side-work, or work to cover sidewise, made of gabions, fascines, or bags filled 
with earth, or with earth heaped up. It is used to a£K>rd cover from the fire of an enemy, but is 
not arranged for defence by fire. 

Esplanade, — The glacis of the counterscarp, or the sloping of the parapet of the covered way 
toward the country; a clear space between a citadel and the first houses of the town. 

Fkmk, — ^That part of a bastion which reaches from the curtain to the face, and defends the 
opposite face ; anv part of a work defending another by a fire along the outside of its parapet 

Fliohe, — ^A field-work, usually at the foot of a gla<»s, consisting of two faces, forming a salient 
angle pointing outwards from the position taken. 

Front, — ^That portion of the enceinte between the capitals of the adjacent salient angle of the 
polygon fortified; or it includes this portion, or any other works within or beyond it which are 
oetween the two adjacent capitals and connected with it by defensive relations. Baetwned front^ 
a curtain connecting two half bastions. 

OaUon, — ^A gabion is a hollow cylinder, of wicker-work. Fig. 2975, or stripe of sheet iron, resem- 
bling a basket, but having no bottom. It is filled with earth, and serves to shelter 
men from an enemy's fire. 

QaUery, — ^Any communication which is covered overhead as well as at the sides. 

GenouilUre, — ^That part of a parapet between the merlons and beneath the sole of 
an embrasure. 

Half -moon, — ^An outwork, composed of two faces, forming a salient angle, placed 
just in front of the curtain of the main work, and just beyond the main ditch. 

Homvoork, — An outwork, composed of two demi-bastions, joined by a curtain. It 
is connected with the works in rear by long wings. 

Lunette. — A detached bastion. Fig. 2976. 

Magistral. — The line where the scarp of a permanent fortification, if prolonged, 
would intersect the top of the coping or cordon. It is the master line which regulates 
the form of the work ; called also Magistral line. 

Palisade. — A strong stake, one end of which is set firmly in the ground, and the 
other is sharpened ; ako, a fence made of palisades, used as a means of defence. 

Parados. — ^A mound of earth thrown up to protect a battery or other outwork from a fire in the 
rear. 

Parapet, — ^A wall or rampart to the breast, or breast high ; especially a wall, rampart, or eleva- 
tion of earth for covering soldiers from an enemy's attack from 
the front. 

Postern, — ^A subterraneous passage between the parade and 
the main ditch, or between the ditches of the interior of the 
outworks. 

Rampart. — ^An elevation or mound of earth roun4 a place, 
upon which the parapet is raised. 

Ravelin. — A detached work, with two embankments, which 
make a salient angle. It is raised before the curtain on the 
counterscarp of a place. In Fig. 2977, A A are bastions; 66, 
the curtain; cc, tenailles; <l^, caponniere; tf, ravelin; F, re- 
doubt in the ravelin; gg^ covered way; A /l re-entering places 
of arms; t't, redoubts in the same; kk, ditch; //, ditch of 
ravelin \ mrmn^ glacis ; s a, exterior side ; s f, capital. 

Redan. — A work having two faces uniting, so as to form a 
salient angle towards the enemy. See Figs. 2978 to 2980. 

Redoubt. — ^An outwork placed within another outwork, as at 
F and t, in Fig. 2977. 

RenMu, — The earth or materials used in marking the embankments. 

Revetment, — ^A facing of wood, stone, or any other material, to sustain an embankment when it 
receives a slope steeper than the natural slope. 

Sally-port. — A postern gate, or passage underground from the inner to the outer works, to afford 
free egress for troops in a sortie. 

Scarp, — The interior slope of the ditch nearest the parapet. 

Tenaille. — ^An outwork in the main ditch in front of the curtain between two bastions ; also an 
inverted redan. 

Tenaillon. — ^A work constructed on each side of the ravelins, to increase the strength of the 
ravelins, procure additional ground beyond the ditch, or cover the shoulders of the bastions. 

Traverse.—A work thrown up to intercept an enfilieuie, or reverse fire, along any line of work or 
passage exposed to such a fire. 

Zigzag, — ^This term is applied to the principle on which the attack of places is based ; and this 
mode of approach had long been in use in a rude way, until perfected by Yauban. 

Ztgtag is not only the proper course by which to advance in sieges, but it is the method of oon- 
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neeting tho parallda and places of anns, and finally arriving at the close of the attack or breaching 
batteries, and the work is usually effected by sap. 

Sappers could run a zigzag ud to the work in two or three 
hours, under the protection of musketry fire, and finally place a 

auantity of gunpowder for forcing the gate or barrier, or the 
eetruction of a stockade or other slight defence, such as savages 
or insurgent inhabitants throw up on the spur of tho moment. 

The following example will show how a zigzag may bo 
applied ;— » 

Supposing it desbable to force a work A, Fig. 2981, an ap- 
proach may he commenced from the hollow B, and a zigzag carried 
up to the entrance D, forming a short line of sap G D, where a 
quantity of powder could be fixed at the point D, which would 
on the explosion enable the attacking part^ to rush from the 
hollow, and, taking advantage of the confusion, carry the work. 

FOUNDATION. Fb., IhndaHon; Gm., FiMdametU, Chund- 
werk ; Ital., Fondamenia ; Span., Cimiento, 

See GoNSTBucnoN. Bbidge. Docks. Bailwat Enoinxeiuxo. 

^ITaTBB' WORKS 

FOUNDING AND CASTING. Fb., Action de fondre, Fcmte ; 
Gib., Fmrmen und Giesaen ; Ital., Fondere, 

Fire-proof material and durable crucibles are among tho first things that re(juire the founder*s 
careful consideration. 

Fire-proof Materiai, — The apparatus in which smelting or meltmg operations are performed la 
constructed of such materials as will not be seriously affected either by the heat applied or by the 
chemical action of the minerals or metals. Besides these conditions, economv is generally consi- 
dered ; but we find, in most instances, that the saving of first expense should be a secondsry con- 
sideration where fire-proof material is in question. The materials used as fire-proof are sandstone, 
clay slate, shale, talcose slate, mica slate, granite, gneiss, porphyry, trap, and others, all of which 
are found native. Most of the fire-proof material used is clay Oi sJuminous sand, kaolin, and clay 
slate, which are formed into bricks, slabs, or blocks, so as to suit particular purposes. The artificial 
fire-proof stone, or brick, does not generally resist the chemical action of the metallic oxides so well 
as native material ; it is therefore necessarr to use compact native rock, where the action of metallic 
oxides is to be resisted. Bricks, when well made and of good material, withstand the influence of 
heat very well ; and in all cases where sudden changes of neat are expected, fire-bridk must be used 
in preference to any other material. 

Materials which are considered fire-nroof must be of such a nature as to resist the effect of heat, 
that of the metallic oxides, and the reducing infiuence of carbon also. Peroxide of iron is proof 
against heat, against most metallic oxides, and also resists silex very well ; but it does not resist 
carbon. When the latter substance is present, or even its compound gases, peroxide of iron is 
reduced to protoxide, and forms now a strong alkali for any silex or acid which may hap^n to 
come within its reach. Silex, clay, magnesia, lime, and baryta, are substances which are melted 
only by a yery high heat, about 4000^, whicn is not required in any smelting operation. It is 
iherefore sufficient if the fire-proof stones consist chiefiy of one of these elements. Their combina- 
tions melt more readily than each by itself; but it is sufficient when the main body, the bulk of 
the stone, Is formed of one of them. 

Native Fire-proof Material,— Qmie a number of rocks, slate, and shale, serve the purpose of 
refractory stones. Some of these are so perfect as not to require more labour than quarrying and 
dressing ; others must be broken, and cemented again, in order to answer the purpose. A^ the 
refractory character of stones depends chiefiy on the fusibility of their elements, we select them in 
most cases simply with reference to this quality ; and as alumina, silex, magnesia, or lime, are 
fusible only at a deeree of heat which is not often required in smelting opterations, it appears to be 
all-sufficient, in order to secure durability, to select the most convenient form of these articles. 
This, however, is not the case. Pure lime is extremely refractory, but leadUy fusible if any silex 
is brought in contact with it ; and as all fuel contains silex, the simple act of using coal or wood in 
a furnace built of the best kind of limestone will soon destroy it In many instances, the presence 
of an excess of limestone is advantageous in smelting operations, and is frequently resorted to; in 
these cases, the inner walls of a furnace may consist of limestone, because the silicious matteor of 
fuel and ore is abeorbed by the flux, and little injury is done to the walls. Befieotions of this 
kind generally decide the selection of rocks for fire-proof material, as we shall show hereafter. 
Native rocks sre not often found to be of similar composition, not even in the same locality, for 
which reasons the selection of fire-proof stone is an operation which must be decided by actual test. 
It is very well known that the compositioB of sandstone, clay slate, mica sbite, talc slate, gneiss, 
and granite, and also limestone, varies in different localities, and often in the same oompiass of a 
quarry. 

Sandetcne, — ^When smd, formed by the disintegration of rooky matter, is washed down in streama 
and deposited in the beds of large rivers, or the bottom of lakes and oceans, and when such 
deposits are elevated above water, or become dry land, the fine nartides of lime, clay, oxide of iron, 
and other substances, which adhere to the particles of sano, and which more or less fill the 
crevices or spaces between the grains, become dry, and form in the meantime a chemical combi- 
nation with the sand. The consequence of this close and intimate contact between these substances 
of opposite electrical qualities, is the formation of solid rock, in which the isoUted grains of quartz 
are held together by a larger or smaller quantity of cement. The distinguishing quality of the 
sandstone for our purpose consists in «he kind of cement and the quantity of it. If the cement is 
lime, we cannot expect the sandstone to be very refractory, for not only does silex melt readily with 
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lime, but the fitone beoomes brittle when exposed to Bre, Peroxide of iron may form a good flro- 
pioof stone with silex, provided the amount of iron is not too large, say not more than 5 per cent. 
The red, and often brown sandstone, of the Pennsylvania anthracite formation is a fire-proof stone 
of excellent qualities. This stone has been subjected to a slow heat in the earth, which cemented 
its particles firmly together. The best cement for sand, in the formation of sandstone, is silex 
itself, and the resulting rock is for these reasons denominated silioious sandstone, in oontra- 
distinction to calcareous, ferruginous, or argillaceous sandstone. BUex is soluble in pure water, 
such as rain-water ; and when such a solution is poured upon a bed of sand, it will penetrate and 
combine with or dissolve some of the sand; the consequence of which is, that the soluble parts are 
retaine<l by the heavy grains, and these cannot be moved, the soluble silex forming a gelatinous 
cement for the grains of sana. Sandstone formed in this manner is, as a matter of course, very 
refractory, and liable to fracture when heat is suddenly applied. Slowly heated, and not exposed 
to changes of heat, this stone forms a durable hearthstone in blast-fumaoes. Stones of this kind 
are frec^uently found in the bituminous coal region, and used as hearthstones. In many respects 
the argillaceous, in which day forms the cement, is superior to the silicions sandstone ; this refers 
particularly to those cases where a change of heat is inevitable. Clay does not form a strong 
cement, and such stones are generally found to be soft in the quarry, but harden on being exposed 
to the air or heat. These, however, do not generally resist high heat so well as silicioiu sandstones, 
and when fluxes come in contact with them when hot, they are soon melted. Sandstones which 
contain spangles of mica, or particles of pyrites, or which are coloured by any metallic oxides, par- 
ticularly protoxides, are generally not fire-proof; still there are instances where such stones are 
used to advantage. 

In the selection of sandstones for hearthstones we must be guided chiefly by experience. 
Coarse-grained stone, such as millstone grit, which occurs in the lower strata of the coal regions, is 
generally found to be of good quality. The coarse sandstone, in the higher strata of we coal 
formation, is not often adapted to resist a strong heat and the influence of fluxes, because its 
cement is chiefly lime, clay, and iron. In these upper strata^ the fine-grained stone appears to be 
superior to the coarse grit. Transition sandstone, or old red sandstone, is generally found to 
be durable, particularly those kinds in which grains of white quartz of the size of peas, or smtdl 
beans, are visible. Sandstone is peculiarly suitable to serve as a fire-proof stone ; it resists heat 
to a higher degree than almost any other stone, and if oonipact, it is less attacked by fluxes than 
any other kind of rock ; it has, besides, the advantage of being conveniently found, and it is 
easily quarried and cut into such forms as are required. 

Sandstones may be tested by acids as to their composition, but the result cannot be depended 
upon, and is of no practical use. The only safe test is that by heat and fluxes. In order to in- 
vestigaite the refractory quality of a rock, a fragment of it is subjected to a gentle heat, which is 
not much higher than that of ooiling water, for at least one week, or longer, after which it may be 
expo^ to a higher heat. The latter is applied in a reverberatory furnace, or in a smith's forge, 
and should last at least for four or flve consecutive hours, the heat being gradually raised to the 
highest pitch. The fragment, after being gently cooled and broken, must show a compact 
fracture, not vitrifled in any part in the interior; its surface may be glazed, and it should not have 
lost much in weight. If, after heating it, the interior of the stone is brittle, porous, and friable, or 
if it is vitrifled and strongly coloured, it will not resist the influence of fluxes, and it may be 
considered useless for resisting high temperatures. Quartz is extremely sensitive to changes of 
heat, and in all casee where it is subjected to them, it should not be used ; the changes of heat 
caused by adding fresh fuel it cannot resist Sandstone is therefore useless in air-furnaces, and in 
all furnaces whi(^ are subject to alternate charges of fuel, or draughts of cold air, such as puddling 
fuznaoes, the top of blast-furnaces, and all reflning and reverberatorv furnaces. 

Clay and day-slate. — ^This mineral forms extenisive rocks, and often whole mountain noges : it 
is composed chiefly of silex and clay, but is never free from metallic oxides, and in most instances 
it contains carbon. The latter substances cause it to be fusible at a low heat, and its use as fire- 
proof stone is therefore verv limited. 

Slaty Clay is found in the regions of mineral coal ; it forms a most valuable substance for the 
manufacture of fire-bricks, which are in fact chiefiy composed of this clay ; good fire-bricks are 
extensively manufactured of it ; but it is of no use in its raw condition, for it requires a strong fire 
to make it sufficiently compact for adhering together. Some modifications of this kind of slate, 
when it contains a large amount '^^ silex, and is stratified, assuming the form of shale, are used as 
fire-proof stone in furnaces, under steam-boilers, reverberatories, or at the top of blast-furnaces, 
also for in-walls ; but there is little gained in its application; fire-bricks are cheaper in the course 
of time, because they last longer and require less repair. 

Clay, — ^This substance is not often used in its raw state, bat chiefly in the form of bricks, and 
as fire-proof mortar. Fire-clay is recognized by its colour, which is white, and is retained ^fter 
exposure to a strong fire. Some clays will change their colour into a more or less ipey, or red, on 
being calcined ; these are not generally very refinetory. Good clay, when fresh, emits a oeculiarly 
disagreeable odour, an argillaceous smell ; it also adheres strongly to the tongue, when the former 
is dry and the latter moist. The smell depends entirely on organic matter, for which clay ha<9 
great affinity ; it emits therefore that peculiar smell, although it is not actually necessary that 
organic matter should be present in the clay ; breathing upon it may impart it. Clay may contain 
silex chiefly, and be a good fire-clay ; it does not follow that clay which does not adhere to the 
tongue is not a fire-proof clay. The sources of good clay are feldspathic rocks : most of these clays 
are definite compounds of silex, alumina, potassa, lime, magnesia, oxide of iroii, and water, but it 
is not necessary that a good day should be a definite compound ; on the contrary, the less such is 
the case the more refractory it is For these reasons most of the plastic clays are mixed with sand 
or pure quurtz previous to forming bricks of them. Clay may be assayed and its composition deter- 
■lined previous to its application, but such an assay is of more interest to the jBcientific man than 
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